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ABSTRACT 
 
PALLADIUM CATALYZED REACTIONS OF 2-EN-4-YNE 
CARBONATES WITH ORGANOBORONIC ACIDS 
 
Recently, transition metal catalyzed carbon-carbon bond formation reactions 
gain numerous importance in organic chemistry. Especially, palladium catalyzed 
carbon-carbon bond formation reactions provide lots of advantages in organic synthesis. 
For instance, palladium catalyst is extensively used in many allene formation reactions 
of various substrates such as propargyl and enyne compounds. 
This thesis describes the preparation of E-configured aryl or alkenyl 
functionalized vinylallene structures via the reaction of a 2-en-4-yne carbonates with 
organoboronic acids in the presence of Pd (0) precursor. This method, which proceeds 
through formation of σ-vinylallenylpalladium intermediate, is applicable for both (E)- 
and (Z)- configured enyne carbonates and appeared to have wider scope for both 
organoboronic acids and enyne substrates. The reaction of the carbonate of an 
enantiomerically enriched enynol reagent with phenylboronic acid under the optimal 
conditions was proceeded and center-to-axis chirality transfer selectivity was 
investigated. Complete racemization was observed.  
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ÖZET 
 
2-EN-4-N KARBONATLARIN ORGANOBORONK ASTLERLE 
PALADYUM KATALZL TEPKMELER 
 
Son zamanlarda geçi metal katalizli reaksiyonlar oldukça büyük önem 
kazanmıtır. Özellikle paladyum katalizli karbon-karbon ba oluumu reaksiyonları 
organik reaksiyonlarda birçok avantaj salamaktadır. Örnein, propargil ve enin 
yapılarından yola çıkılarak allen sentezleme reaksiyonlarında paladyum sıklıkla 
kullanılmaktadır. 
Bu tezde; E konfigürasyonunda, aril veya alkenil grubu ile fonksiyonlatırılmı 
vinil allene bileiinin (E) ve (Z)-2-en-4-in karbonatlardan yola çıkılarak organoboranik 
asitlerle Pd(0) katalizli oluturulması tepkimeleri anlatılmıtır. Bu yöntemin çeitli (E) 
ve (Z)-2-en-4-in karbonatlar için uygulanabilir olup birçok organoboronik asitle de 
gerçekletirilebilir olduu gösterilmitir. Ayrıca bu çalımada, enantiomerik açıdan 
zengin (R, Z)-2-en-4-in karbonat yapısının optimum reaksiyon koullarında fenilboronik 
asit ile tepkimesinde kiralite transferinin gerçekleip gerçeklemedii incelenmi ve 
reaksiyon sonunda rasemik ürün olutuu saptanmıtır. 
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CHAPTER 1 
 
INTRODUCTION 
 
C-C bond formation reactions with various organometallic reagents are known. 
The cross coupling reaction between aryl or alkenyl halide and Grignard reagents in the 
presence of nickel catalyst is the first known example of this type coupling which was 
described by Kumada in 1972. Then, various organometallics and different transition 
metal catalysts have been used for improving new synthetic methods for the C-C bond 
formation reactions. Kumada, Negishi, Stille and Suzuki couplings are well-known 
transition metal catalyzed reactions.     
Many organometallic species such as Grignard, organolithium, organocopper, 
and organozinc reagents are very reactive for the C-C bond formation reactions but they 
require some special conditions. These compounds require inert atmosphere and 
anhydrous conditions because of their high sensitivity toward air and moisture. And also 
they have very short shelf lives, and their tolerance to functional groups is almost zero.  
In 1979 Suzuki et al. overcame these problems by using an organoboron 
reagent as a coupling partner. Instead of other organometallic reagents organoborons 
offer lots of advantages. They are very stable structures, relatively cheap, easy to handle 
and inert to water and oxygen, and most important advantage is that they are tolerant to 
a wide range of reactive functional groups during C-C bond formation reactions. 
Because of these fascinating properties of organoborons the use of them has been 
increasing in C-C bond formation reactions. 
After recognizing advantages and reactivities of organoboron reagents a variety 
of reactions of propargyl and allyl compounds have been studied in the presence of 
palladium catalyst. Some of these are, palladium catalyzed cross coupling reactions of -
allylic compounds with aryl- or alkenylboronic acids (Morenomanas, et al. 1995), 
(Bouyssi, et al. 2002), (Tsukamoto, et al. 2004), -propargylic reagents arylboronic acids 
to produce allenic structures (Yoshida, et al. 2004; Yoshida, et al. 2005). 
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Inspired by these studies, we proceeded the reaction of 2-en-4-yne carbonates, 
which includes both propargylic and allylic moiety, with organoboronic acids in the 
presence of palladium catalyst. The behavior of enyne compound was investigated and 
it is observed that 2-en-4-yne carbonates acts like propargyl compounds and produces 
E-configured phenyl or alkenyl functionalized vinylallene structures under our optimal 
reaction conditions. 
The importance of this study is that, it provides a new method for the synthesis 
of allene structure, which is very important structure because of biological and 
pharmacological activity, it includes an axis of chirality, and found in many natural 
product. And also it offers very mild conditions by using stable organoboronic acids 
instead of other very reactive organometallic compounds such as Grignard reagents 
(Pasto, et al. 1978; Pasto, et al. 1976) and organocuprates (Purpura and Krause 1999).    
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CHAPTER 2 
 
LITERATURE WORK 
 
2.1. Transition Metal Catalyzed Reactions of Propargyl Compounds 
 
Propargyl compounds are frequently used compounds for the formation of 
C=C=C conjugated systems. Removal of a leaving group at the propargylic position by 
the attack of a nucleophile with an SN2’ pathway rearranges the propargyl structure into 
an allenic structure (Krause 2004). 
In addition to these, propargyl structures also give direct substitution reactions, 
SN2, to produce acetylenic product. As shown in the figure 2.1, these two reactions 
compete with each other. In most transition metal catalyzed reactions high 
regioselectivity has been achieved. 
 
X
X
X
Nu
Nu
-X
-X
•
Nu
Nu
 
 
Figure 2.1. Reaction pathway of propargyl compounds. 
(Source: Krause 2004) 
 
An example of transition metal catalyzed reaction of an organometallic 
nucleophile with propargylic electrophile to form allenes was published by Pasto et al. 
in 1976. He showed the reaction of a propargyl chloride with an alkyl magnesium halide 
which produces an allenic compound in the presence of FeCl3 as a catalyst. 
After this paper, other transition compounds, such as CoBr2, NiBr2, CuCl and 
Fe(acac)3, were also found reactive toward the assisting the formation of allene 
moiety(Pasto, et al. 1978). 
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Cl
R1 R2
R3 R4MgX •
R1
R2
R3
R4
FeCl3
1a: R1 = R2 = Me, R3 = H
1b: R1 = Me, R2 = R3 = H
2a: R4 = nBu
2a: R4 = nBu
3a: 80%
4a: 90%
 
 
Figure 2.2. Iron catalyzed reaction of propargyl chlorides with Grignard reagents. 
(Source: Pasto, et al. 1976) 
 
Copper is one of the most popular transition metal for the formation of an 
allenic moiety. First example of copper mediated SN2’ reaction of propargyl 
electrophiles to give allenes was published in 1968 by Rona and Crabbe. 
 
AcO
R1 R2
R3 R4CuLi •
R1
R2
R3
R4  
 
Figure 2.3. Cu(I)- mediated SN2’ reaction of propargylic electrophiles. 
(Source: Rona and Crabbe 1968; Rona and Crabbe 1969) 
 
After this invention, in 1974 Vermeer et al. published the reactions of alkynyl 
epoxides with the organomagnesium halide in the presence of CuI reagent. Complex 
mixture of product was obtained in the absence of a copper catalyst. 
 
R1 R3MgX •
R1
R3
R2
R2
O
OH
CuI (10 mol%)
THF, rt
 
 
Figure 2.4. Cu(I) catalyzed reaction of propargyl oxiranes with Grignard reagents. 
(Source: Vermeer, et al. 1974) 
 
In 1985, Wenkerd published the results of reaction of Grignard reagents with 
silyl propargyl alcohols in the presence of nickel as a catalyst. Excellent yields were 
obtained with 10 mol % NiCl2(dppp) catalyst. Iridium is also reactive transition metal to 
catalyze the reaction of propargyl acetates with silyl enol ethers which gives allenic 
products (Matsuda, et al. 2002) (Figure 2.6).  
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Me3Si R
3MgX •
Me3Si
R3
R1
R2
R1
OH
R2
NiCl2(dppp)
1a: R1 = nPr, R2 = H 2a: R
3
= Me
2b: R3 =Ph
2c: R3 =p-MeOC6H4
3a: 97%
3b: 95%
3c: 97%
 
 
Figure 2.5. Nickel-catalyzed reaction of silylpropargyl alcohols and Grignard reagents. 
(Source: Wenkert, et al. 1985) 
 
•
Ph Ph
Ph
Ph
Ph
OAc
Ph
OSiMe3
[Ir(cod)(P(OPh)3)2]OTf O
CH2Cl2, 25 ºC
 
 
Figure 2.6. Iridium-catalyzed substitution of propargyl acetates with silyl enol ethers. 
(Source: Matsuda, et al. 2002) 
 
In recent years, rhodium has become the popular transition metal for the 
synthesis of allene compounds. Reaction of propargyl acetates with phenylboronic acids 
in the presence of [RhCl(cod)]2 as a catalyst gives a mixture of tri-substituted allene 
compound, via the -oxygen elimination of an alkenylrhodium(I) intermediate, and allyl 
acetates (Murakami and Igawa 2002) (Figure 2.7). Miura et al. described the synthesis 
of - allenol compound from the reaction of propargyl oxirane and phenylboronic acid 
in the presence of [{RhCl(nbd)}2] with excellent distereoselectivity (Miura, et al. 2009; 
Miura, et al. 2007) (Figure 2.8).  
 
C3H7 C6H5B(OH)2 •
C3H7
C6H5
Et
H
[RhCl(cod)]2
P(OEt)3
OAc
Et
NaHCO3
70oC, 1h
C6H5H
C3H7
Et
OAc
MeOH: 94% combined yield
ratio: 82:18
EtOH: 88% combined yield
ratio: 78:22  
 
Figure 2.7. Rhodium-catalyzed reaction of propargyl acetates with phenylboronic acids. 
(Source: Murakami and Igawa 2002) 
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O
R
R'
PhB(OH)2
2.5 mol%
[{RhCl(nbd)}2]
0.6 equiv KOH
THF, RT, 2h
•
OH
Ph
R
•
OH
R
Ph
R' R'
1a: R=Me, R’=H
1b: R=C5H11, R’=H
1c: R=C5H11, R’=Me
2a: Ph
2a: Ph
2a: Ph
3a: 81% (syn/anti: 99/1)
3b: 74% (syn/anti: 97/3)
3c: 65% (syn/anti: 99/1)
 
 
Figure 2.8. Rhodium-catalyzed reaction of propargyl oxiranes with phenylboronic acids. 
(Source: Miura, et al. 2007) 
 
2.1.1. Pd-Catalyzed Reactions of Propargyl Compounds 
  
Among all transition metals, palladium is the most commonly used one for the 
reactions of propargyl compounds.  
After publishment of reports by Pasto et al. about the transition metal catalyzed 
reactions of propargyl compounds with Grignard reagents, Jeffery-Luong and 
Linstrumella represented the palladium catalyzed selective formation of allenic moiety 
by the reaction of propargyl and allenic halides with Grignard reagents (Figure 2.9).  
 
X
Me R
•
R
Me X
R'MgX
Pd cat
•
R
Me R'
(48 - 98 %)
 
 
Figure 2.9. Paladium-catalyzed reaction of propargyl and allenic halides with Grignard 
reagents. (Source: Jefferyluong and Linstrumelle 1980) 
 
Complex formation reactions of propargyl chlorides with Pd(PPh3)4 were 
studied by Elsevier et al. (1983) and -allenyl palladium complex and propargyl 
palladium complex were obtained as yellow powder. Kurosawa et al. (1999) also 
proposed formation of a third intermediate which is 3- propargyl palladium complex 
(Figure 2.10). 
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Figure 2.10. Formation reactions of palladium complexes.  
(Source: Elsevier, et al. 1983; Tsutsumi, et al. 1999) 
 
Pd(0)-catalyzed reactions of propargyl compounds can be categorized into 
three types from mechanistic viewpoint. According to types of the reactants allenyl 
palladium complexes go into three different type of reaction.  
In the first type of reaction, Type I, after formation of the -allenyl palladium 
complex, insertion of unsaturated bonds of alkenes, alkynes, and CO to the  bond 
between palladium and sp2 carbon atom takes place (Figure 2.11). 
 
 
 
Figure 2.11. Type I reactions of Pd(0) with propargyl compounds.  
(Source: Meijere 2004) 
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By using hard nucleophiles such as Grignard reagents, metal hydrides, 
organocuprates, Type II reaction pathway is followed which occur with transmetallation 
between -allenyl palladium species and hard nucleophiles. Reductive elimination 
process gives the desired allene product (Figure 2.12). 
Last reaction pathway, Type III, occurs by the attack of a nucleophile at the sp-
carbon of -allenyl palladium complex. Soft carbon nucleophiles such as malonates and 
- keto esters, proceed by following this reaction pathway. Nucleophile attacks sp 
hybridized carbon atom of -allenyl palladium structure and forms Pd-carbene complex. 
This complex takes a proton from an active methylene compound and the 	-allenyl 
palladium complex is produced. This complex reacts with another nucleophile and gives 
two nucleophile introduced alkene compound (Figure 2.13). 
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Figure 2.12. Type II reactions of Pd(0) with propargyl compounds. 
(Source: Jefferyluong and Linstrumelle 1980) 
 
Reactions of propargyl compounds such as carbonates, acetates, phosphates, 
can be explained by using above reaction types.  
In 1981-1982, Vermeer et al. described palladium catalyzed reactions of 
propargyl electrophiles with organozinc compound which follows the Type II reaction 
pathway (Figure 2.14). Reactivity of another hard carbon nucleophile, organoaluminum 
compound, toward propargyl compounds was demonstrated and moderate to high yields 
obtained (Keinan and Bosch 1986) (Figure 2.15). 
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Figure 2.13. Type III reactions of Pd(0) with propargyl compounds. 
(Source: Meijere 2004) 
 
 
 
Figure 2.14. Pd(0)-catalyzed reactions of propargyl compounds with organozinc 
compounds. (Source: Ruitenberg, et al. 1981) 
 
 
 
Figure 2.15. Pd(0)-catalyzed reactions of propargyl compounds with organoaluminum 
compounds. (Source: Keinan and Bosch 1986) 
 
Organoborane reagents are reactive soft carbon nucleophiles for the reaction of 
propargyl compounds. In 1994, Suzuki et al. described the palladium catalyzed 
reactions of propargyl electrophiles with the organoborons such as 1-alkenyl, 1-alkynyl, 
and arylboronic acids or their esters which produced the substituted allene structures 
(Figure 2.16).  
 
 
 
 
 10 
 
 
Figure 2.16. Pd(0)-catalyzed reactions of propargyl compounds with organoboranes. 
(Source: Moriya, et al. 1994) 
 
Further reactions of organoboronic compounds with propargyl structures were 
investigated by Yoshida et al. and the reaction between propargyl alcohols and 
phenylboronic acids were published in 2004 (Figure 2.17). One year later, palladium-
catalyzed reaction of propargylic oxiranes with substituted phenylboronic acids, in 
which anti-substituted 4-aryl-2,3-allenols were produced in a high diastereoselectivty, 
were published (Yoshida, et al. 2005) (Figure 2.18). 
 
 
 
Figure 2.17. Pd(0)-catalyzed reactions of propargyl alcohols with phenylboronic acids. 
(Source: Yoshida, et al. 2004) 
 
Sonagashira coupling like reactions are also possible for the palladium 
catalyzed cross-coupling reactions of the in situ generated -allenyl palladium 
complexes with terminal alkynes in the presence of catalytic amount of CuI. Various 
type of leaving groups such as acetates, carbonates, tosylates, and halides can undergo 
this type of reactions (Mandai, et al. 1990) (Figure 2.19). 
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Figure 2.18. Pd(0)-catalyzed reactions of propargyl oxiranes with phenylboronic acids. 
(Source:Yoshida, et al. 2005) 
 
 
 
Figure 2.19. Pd(0)-catalyzed reactions of propargyl electrophiles with terminal alkynes. 
(Source: Mandai, et al. 1990) 
 
2.2. Pd(0)-Catalyzed Reactions of Allylic Compounds 
 
Allylic compounds have an important role in organic synthesis. Allylic 
compounds undergo palladium catalyzed reaction by forming 	-allyl palladium 
complexes and further reactions of this complex with various types of nucleophiles 
offer many synthetically useful methods. Allylic acetates, carbonates, phosphates, and 
halides are frequently used reagents in organic chemistry.  
In 1965, Tsuji reported the reaction of 	-allyl palladium complex with 
malonate and acetoacetate, which are soft carbon nucleophiles. In this study, he 
described the electrophilicity of 	-allyl palladium complex. This means that, 
electrophilic 	-allyl palladium complex can undergo various types of transformations in 
the presence of different pronucleophiles (Figure 2.20).   
When organometallic compounds were used as nucleophiles the 
transmetallation step takes place between 	-allyl palladium complex and organometallic 
reagent. 
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Figure 2.20. Pd-catalyzed reactions of allylic compounds.  
(Source: Tsuji 2004) 
 
In 1999, Uozumi et al. described the Suzuki coupling reaction of allyl acetates 
with phenylboronic acids in which the reaction produced phenyl substituted allyl 
compound as a single diastereomer by using polymer supported palladium catalyst 
system (Figure 2.21). 
In 2002, Rosales et al. reported the reaction of allylic bromides and chlorides 
with unsubstituted and substituted benzylic Grignard reagents in the presence of 
palladium catalyst (Figure 2.22). Furthermore, Ikegami et al. published the reaction of 
one of the hard carbon nucleophile, organozinc compound, with allyl halides by using 
phosphine free palladium reagent (Figure 2.23). 
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Figure 2.21. Pd-catalyzed Suzuki coupling reaction of allyl acetates with phenylboronic 
acids. (Source: Uozumi, et al. 1999) 
 
 
 
Figure 2.22. Pd(0)-catalyzed reactions of allylic halides with Grignard reagents. 
(Source: Rosales, et al. 2002) 
 
 
 
Figure 2.23. Pd(0)-catalyzed reactions of allylic halides with organozinc compounds. 
(Source: Ikegami, et al. 2003) 
 
Palladium-catalyzed reactions of allyl compounds with organometallics 
proceed by the oxidative addition of allyl structure to palladium (0) complex to produce 
a 	-allyl palladium intermediate. Then, transmetallation takes place between palladium 
complex and organometallic species. Finally, reductive elimination process produces 
the desired product and Pd (0) species become regenerated to carry out the catalytic 
cycle (Figure 2.24). 
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Figure 2.24. General reaction mechanism of Pd(0) with allyl compounds.  
(Source: Tsuji 2004) 
 
2.3. Synthesis of Vinylallenes 
 
Because of their rich chemistry vinylallenes are most important ones among 
the conjugated allenes. To search new synthetic methodologies for synthesis of 
vinylallenes is an important issue for organic chemistry.  
 
 
 
Figure 2.25. The reaction of chloro-enynes with MeMgI. 
(Source: Gore and Dulcere 1972) 
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In 1972 Gore et al. reported synthesis of vinylallenes by the reaction of methyl 
magnesium iodide with 5-chloropent-3-en-1-ynes. But the scope of the reaction was 
very limited with respect to both 3-en-1-yne derivatives and Grignard reagents (Figure 
2.25). 
Over last two decades, studies for the synthesis of vinylallene structures have 
suddenly increased. In 1999, Krause and coworkers published the synthesis of 
vinylallene structures by the reaction of enyne acetates with organocuprates under 1,5-
(SN2’’) substitution pattern (Figure 2.26). The reaction usually produces the vinylallene 
compounds as the mixture of E/Z isomers (Figure 2.26). Enantioselective synthesis of 
vinylallenes were also studied (Krause and Purpura 2000). 
 
 
 
Figure 2.26. SN2’’reactions of 2-en-4-yne acetates with lithium dialkylcuprates 
(Source: Purpura and Krause 1999). 
 
Oxirane moiety was also used as leaving group which has been used frequently 
in SN2’ substitution reactions; unlike other simpler substrates which produce 
unfunctionalized hydrocarbons, oxiranes undergo substitution to give products with an 
additional alcohol function which can be investigated further (Purpura and Krause 
1999) (Figure 2.27).  
 
 
 
Figure 2.27. SN2’’reactions of 2-en-4-yne oxiranes with lithium dialkylcuprates 
(Source: Purpura and Krause 1999). 
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Vinylallene moiety can be synthesized by the reaction of aryltitanate reagents 
with 3-alkynyl-2-en-1-ones in the presence of chlorotrimethylsilane and rhodium-(R)-
segphos catalyst system. The reaction proceeded via 1,6- fashion and produced 
vinylallene structures with a high % ee (Hayashi, et al. 2004) (Figure 2.28). 
 
 
 
Figure 2.28. Rhodium-catalyzed asymmetric 1,6-addition of aryltitanates to enynones. 
(Source: Hayashi, et al. 2004) 
 
The key process for the synthesis of vinylallenes by above method is the 
addition of titane reagent and chlorotrimethylsilane at the same time. Without 
chlorotrimethylsilane compound 1,6 addition reaction does not proceed (Hayashi, et al. 
2004).  
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Figure 2.29. Total synthesis of methyl (R,E)-(-)-tetradeca-2,4,5-trienoate. 
(Source: Ogasawara, et al. 2005) 
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In 2005, Ogasawara et al. demonstrated the palladium catalyzed asymmetric 
allene synthesis by the reactions of 1-hydrocarbyl-2-bromo-1,3-butadienes with 
dimethyl malonate which produce the sex attractant of male dried bean beetle, methyl 
(R,E)-(-)-tetradeca-2,4,5-trienoate structure (Figure 2.29). 2-Bromo-1,3,5-triene 
substrates are also reactive toward palladium catalyzed reactions with soft nucleophiles 
to give conjugated vinylallenes (Ogasawara, et al. 2006) (Figure 2.30). 
 
 
 
Figure 2.30. Pd-catalyzed preparation of vinylallenes from 2-Bromo-1,3,5-trienes. 
(Source: Ogasawara, et al. 2006) 
 
Organoborons can be used as coupling partner for the synthesis of vinylallene 
compounds from propargyl electrophiles in the presence of palladium catalyst. 
Propargyl carbonates and alkenylboronic acids undergo SN2’ type reaction in the 
presence of palladium catalyst to produce corresponding allene moiety (Moriya, et al. 
1994) (Figure 2.31). 
 
 
 
Figure 2.31. Pd-catalyzed reactions of propargyl carbonates with alkenylboronic acids. 
(Source: Moriya, et al. 1994) 
 
By using alkenyl trifluoroborates di-, tri-, and tetra-substituted optically active 
vinylallenes can also be synthesized from propargyl carbonates or phosphates with the 
assistance of palladium-(0) catalyst (Molander, et al. 2006) (Figure 2.32). 
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Figure 2.32. Pd-catalyzed reactions of propargyl compounds with alkenyl 
trifluoroborates. (Source: Molander, et al. 2006) 
 
Last example of synthesis of vinylallenes was published by Akpınar et al. in 
2011. The alkoxycarbonylation reactions of (Z)-2-en-4-yne carbonates with alcohols 
proceeded under carbon monoxide atmosphere in the presence of Pd2(dba)3.CHCl3/PPh3 
catalyst system to give. High yields but low enontioselectivities were obtained from the 
reactions of enantiomerically pure carbonates in the raction conditions (Figure 2.33).  
 
 
 
Figure 2.33. Pd-catalyzed alkoxycarbonylation reactions of (Z)-2-en-4-yne carbonates. 
(Source: Akpinar, et al. 2011) 
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CHAPTER 3 
 
EXPERIMENTAL STUDY 
 
3.1. General Procedures for Drying the Solvents 
 
Tetrahydrofuran (THF), dimethylformamide (DMF), and dichloromethane 
(DCM) solvents were all purified by a solvent purification system (MBRAUN SPS-
800). Et2O was distilled from benzophenone-ketyl under argon prior to use.  
 
3.2. Synthesis of Substrates 
 
3.2.1. Synthesis of Z- and E-Enyne Carbonates 1.1a, 1.1b, 1.1k, 1.1l, 
1.1m and 1.2a, 1.2b, 1.2k, 1.2l 
 
 
 
Figure 3.1. Synthesis of Z- and E-Enyne Carbonates 1.1a, 1.1b, 1.1k, 1.1l, 1.1m and 
1.2a, 1.2b, 1.2k, 1.2l 
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To the mixture of commercially available, (Z)- or (E)-pent-2-en-4-yn-1-ol (S1) 
(1.6 g, 20 mmol) and 3,4-dihydropyran (2.2 mL) was added p-toluenesulfonic acid (44 
mg, 0.02 mmol) and then stirred for 45 min at room temperature. Then, the mixture 
was diluted with 40 mL of dry THF under argon and cooled to -78 °C. At that 
temperature, a 24 mmol hexane solution of BuLi (1.6 M, 15 mL) was added dropwise 
via a syringe. After stirring the reaction mixture for 1 h at 0 °C, 2.5 mL of alkyl 
iodide (
40 mmol) was added dropwise. The mixture was stirred overnight at room 
temperature when the alkyl halide used was MeI, or 2 days at 50 °C when BuI was 
used. The reaction was quenched by the addition of saturated NH4Cl (aq) solution and 
the reaction solution was extracted with Et2O. The organic phase was washed with 
water, dried over MgSO4, filtered, and concentrated under reduced pressure. The 
residue was used in the following step without any other purification (Betzer, et al. 
1997). 
To a solution of the preceding crude compound (S3) in methanol (60 mL) 
p- toluenesulfonic acid (1.2 g, 6 mmol) was added and the resulting solution stirred at 
RT for 45 -60 min. Then, triethylamine was added (1.8 mL), and the solut ion was 
concentrated under reduced pressure. The mixture was taken into dichloromethane 
and washed with water. The combined extracts were washed with brine, dried over 
MgSO4, filtered, and concentrated under reduced pressure. Purification by column 
chromatography on silica gel (hexane/ethyl acetate as the eluent) gave the enynol Z-
S4 (yields: R1= Me, 86%; Bu, 80%) (Purpura and Krause 1999). 
To the solution of (S4) (
17 mmol) in 66 mL of dry diethyl ether, 30 g of 
activated MnO2 was added, and the mixture was stirred overnight at room 
temperature. After filtration through Celite, the solution was concentrated under 
reduced pressure. The crude aldehyde (S5) was used in the next step (Betzer, et al. 
1997).  
The crude aldehyde  (S5) was dissolved in 36 mL of anhydrous THF and 
treated at -78 °C with 1.2 equivalent ethereal solution of R3MgX (1.6-2.0 M, X 
stands for iodine in the case of methylation, and bromine for the others) under Ar. At 
the end of the addition of the Grignard reagent, the mixture was warmed with stirring 
to -40 °C at nearly 2 h and then, hydrolyzed by the addition of 30 mL of a 
saturated NH4Cl solution. After extraction with Et2O, the combined organic layers 
were washed with water, dried over MgSO4, and filtered. The solvent was removed in 
vacuo, and the crude residue was purified by column chromatography on silica gel 
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(hexane/ethyl acetate, yields: Z-S5; R1= Bu, R3= Me, 65%; R1= Me, R3=Bu, 80%; 
R1= Me, R3= i-Pr, 40%, E-S5; R1=Bu, R3=i-Pr, 60%; R3= Bu, 70%, R1= Me, 65%). 
(E)-hept-3-en-5-yn-2-ol which was used in preparation of (E)-hept-3-en-5-yn-
2-yl methyl carbonate (1.2n) was synthesized according to a reported method (Purpura 
and Krause 1999).  
1.8 g (8.945 mmol) of crude alcohol was dissolved in 8 mL THF and was 
added 5 mL (10.74 mmol) n-BuLi at -78°C and the mixture was stirred for 1 h. Then 
1.05 mL (13.4 mmol) of methylchloroformate was added dropwise at -78°C. The 
solution was gradually warmed up to RT and stirred for 15 h. The reaction was 
quenched by the addition of a saturated NaHCO3 solution and extracted with Et2O and 
dried over MgSO4. The solvents were evaporated under a vacuum to give an oily 
product, which was purified by column chromatography (silica gel, (hexane/ethyl 
acetate/NEt3 (0.5 vol. %), yields: 1.1a, 45%; 1.1b, 55%; 1.1k, 50%; 1.1l, 50%; 1.1m, 
58%; 1.2n, 60%; 1.2a, 55%; 1.2b,50%; 1.2l, %60; 1.2k, %50) (Mandai, et al. 1994).  
To synthesize R1=Ph en-yne carbonate Sonagashira coupling was applied in 
second step. A mixture of (S2) (
17 mmol), PdCl2(PPh3)2  (105.3 mg, 0.15 mmol), 
and CuI (16.5 mg,  0.085 mmol), in 70 mL of Et3N was stirred for 5  min at 50
oC 
under Ar, and then, to this mixture was added phenyl acetylene (19 mmol). The 
mixture was stirred at 50oC for 3h. At the end of the reaction, water was added to 
the resulting mixture and then extracted with Et2O. The combined organic layers 
were dried over MgSO4. The solvent was evaporated in vacuo and the product (S3) 
was purified by column chromatography on silica gel (hexane/ethyl acetate, yields: 
85%) (Takeuchi, et al. 2000).  
 
                   
 
Figure 3.2. Synthesis S3 (R1=Ph) From S2 by Sonagashira Coupling. 
(Source: Takeuchi, et al. 2000)  
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3.2.2. Synthesis of Z-Enyne Carbonates (1.1c to 1.1j) 
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Figure 3.3. Synthesis of Z-Enyne Carbonates (1.1c to 1.1j). 
 
To a solution of alkynoic ester (S7) (
40 mmol) and acetic acid (240 mmol, 
13.8 mL) (512 mmol, 20.8 mL when (S7) is ethyl 3-phenylpropiolate was added sodium 
iodide (9.6 g, 64 mmol) (19.2 g, 128 mmol when (S7) is ethyl 3-phenylpropiolate) and 
stirred for 3 h at 115 °C. After completion of the reaction, the brown mixture was 
transferred while hot to a separatory funnel containing water (
10 mL/mmol of the ester 
substrate). The reaction flask was washed with a mixture of water (
5 mL) and diethyl 
ether (
30 mL/mmol of the ester substrate). The washings were combined in a 
separatory funnel. The phases were separated and the aqueous phase was extracted with 
diethyl ether. The combined organic phases were treated sequentially with saturated 
aqueous sodium bicarbonate, aqueous sodium thiosulfate (1 M), and brine and then 
were dried over MgSO4, filtered, and concentrated under reduced pressure. The product 
was purified by column chromatography on silica gel (hexane/ethyl acetate, yields, 
(S8): R2= H, 84%, Me, 87%; Bu, 84%; Ph, 93%) (Piers, et al. 1994). 
A mixture of (S8) (
35 mmol), PdCl2(PPh3)2 (210.6 mg, 0.3 mmol), and CuI 
(33 mg, 0.17 mmol), in 140 mL of Et3N was stirred for 10 min at RT under Ar, and 
then, to this mixture was added a terminal alkyne (38 mmol). The mixture was stirred at 
 
 23 
room temperature for 3h. At the end of the reaction, water was added to the resulting 
mixture and then extracted with Et2O The combined organic layers were dried over 
MgSO4. The solvent was evaporated in vacuo and the product (S9) was purified by 
column chromatography on silica gel (hexane/ethyl acetate, yields %: R1= Bu, R2= H, 
92; R1= Ph, R2= Me, 93; R1= c-Hex, R2= Me, 90; R1= t-Bu, R2= Me, 85; R1= TMS, R2= 
Me, 90; R1= Bu, R2= Bu, 92; R1= Bu, R2= Ph, 82) (Takeuchi, et al. 2000). 
A dry, three-necked, round-bottomed 250-mL flask equipped with an internal 
thermometer, a rubber septum, and an Ar gas inlet, was charged with 
31 mmol of (S9) 
and 63 mL of anhydrous dichloromethane. The stirred solution was cooled to -78 °C 
and 31 mL of a 1 M solution of diisobutylaluminum hydride in hexane was added 
dropwise with a syringe at such a rate that the temperature would not exceed -75 °C. 
After stirring for 30 min at -78 °C, 17 mL Et2O solution of a MeMgI (34 mmol, 2.0 M) 
was added dropwise at -78 °C with a syringe. The cooling bath was removed and the 
reaction mixture was allowed to warm to room temperature. The mixture was 
hydrolyzed at -20 °C by dropwise addition of 63 mL of a 1 M aqueous solution of 
hydrochloric acid, followed by addition of 81 mL of ether. The organic layer was 
separated, the aqueous layer was extracted with ether, and the combined extracts were 
dried over MgSO4. The solvent was evaporated in vacuo. The product was purified by 
column chromatography on silica gel (hexane/ethyl acetate; yields: R1= Bu, R2= H, 
65%; R1= Ph, R2= Me, 55%; R1= c-Hex, R2= Me, 48%; R1= t-Bu, R2= Me, 60%; R1= 
TMS, R2= Me 60%; R1= Bu, R2= Bu, 44%; R1= Bu, R2= Ph, 40%) (Marek, et al. 1998). 
The preparation of carbonates from the synthesized enynols was performed via 
a prescribed method (Mandai, et al. 1994). The products were purified on silica gel 
(hexane/ethyl acetate/NEt3 (0.5 vol.%)). Enyne carbonate 1.1j was further subjected to 
Kugelrohr distillation (yields: 1.1c, 48%; 1.1h, 44%; 1.1j, 40%; 1.1g, 55%; 1.1d, 50%; 
1.1f, 55%; 1.1h, 65%).   
To a solution of carbonate (2.0 mmoles, 480 mg) in methanol 17.3 mL was 
added 817 mg (14 mmoles) of KF at room temperature. After stirring for 2h, the 
reaction was quenched with a saturated aqueous solution of NH4Cl (35 mL). Extraction 
was done with ethyl acetate for three times and organic layer washed with water. Then 
dried with MgSO4 and concentrated under reduced pressure. The product was purified 
by column chromatography on silica gel with 100:1 hexane:triethylamine system (yield: 
1.1e, 70%) (Babudri, et al. 2000). 
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3.2.3. Synthesis of Methyl (R,Z)-4-methylhept-3-en-5-yn-2-yl carbonate             
[(R,Z)-1a] 
 
Sharpless’s kinetic resolution method was employed for the preparation of 
(R,Z)-4-methylhept-3-en-5-yn-2-ol. Accordingly, 22.9 mmol of Ti(OiPr)4, and 27.5 
mmol of L-(+)-diisopropyl tartrate, were dissolved in 200 mL of dry DCM and cooled 
to -20 °C. To this mixture, dry DCM solution of 22.9 mmol of racemic mixture of (Z)-
4-methylhept-3-en-5-yn-2-ol was added and then stirred for 30 min at -20 °C. Then, 
45.8 mmol of t-butyl hydroperoxide (4 M in toluene) was added and left in a freezer (-
20 °C) for 13.5 h. After completion, a pre-cooled (0 °C) 37 mL aqueous solution of 42.4 
mmol FeSO4 and 68.7 mmol tartaric acid mixture was added to the reaction mixture 
with small portions while stirring at -20 °C. The mixture was slowly warmed to room 
temperature over 1 h, and then extracted with DCM. The DCM solution was 
concentrated by evaporation and 103 mL of Et2O was added. The ethereal solution was 
cooled to 0 °C, and 109 mL of aqueous NaOH was added and stirred at this temperature 
for 1.5 h. Extraction with ether, drying with MgSO4, and following column 
chromatography on silica gel using hexane/ethyl acetate eluent yielded the isolated 
product at 45%. Enantiomeric purity was determined as 94.5% ee by GC method using 
a Hydodex-beta-3P column (25 m, 0.25 mm ID). []D
22= -1.9° (c= 1.0, CHCl3). Its 
hydroxyl group was modified to carbonate as described above. []D
22= -1.2° (c= 0.2, in 
CHCl3). Specific Rotation was determined according to Equation 3.1. (Verhoeven, et al. 
1979). 
 
 
 
 
 
 
(3.1) 
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3.3. Characterization of Reactants 
 
The synthesized reactants were analyzed by GC and GC-MS (HP 6890/5973N) 
and isolated by column chromatography using a hexane-ethyl acetate eluent. High-
resolution mass spectral analyses were performed at the Dortmund University of 
Technology Mass Spectrometry Laboratory on a Thermo Electron system. NMR spectra 
were recorded on a Varian VnmrJ 400 spectrometer, a Varian Mercury AS 400, or a 
Bruker DRX 400 spectrometer. Infrared spectra were obtained using a Perkin–Elmer 
Spectrum 100 by ATR method with neat samples. Optical rotations were measured on a 
Rudolph Autopol I polarimeter. 
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Me
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Figure 3.4. Methyl (Z)-4-methylhept-3-en-5-yn-2-yl carbonate 
 
1.1a: 1H NMR (400 MHz, C6D6) : 5.99 (dq, J= 8.4, 6.8 Hz, 1H), 5.54 (d, J= 
8.8 Hz, 1H), 3.35 (s, 3H), 1.68 (d, J= 1.2 Hz, 3H), 1.57 (s, 3H), 1.32 (d, J= 6.4 Hz, 3H); 
13C NMR (101 MHz, C6D6) : 155.7, 135.0, 122.2, 92.1, 78.2, 74.1, 54.0, 23.4, 20.5, 
4.0; FT-IR (max/cm
-1): 2981, 1744, 1441, 1256, 1028, 941, 791; MS (EI, m/z): 182 (4, 
M+), 167 (8), 123 (100), 107 (45), 91 (97), 77 (34), 65 (24); HRMS (EI, m/z, M+): 
182.0937 (calculated), 182.0934 (found). 
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Figure 3.5. Methyl (Z)-4-methyldec-3-en-5-yn-2-yl carbonate 
 
1.1b: 1H NMR (400 MHz, C6D6) : 6.05 (dq, J= 8.4, 2.4 Hz 1H), 5.55 (dq, J= 
8.4, 1.2 Hz, 1H), 3.34 (s, 3H), 2.12 (t, J= 6.8 Hz, 2H), 1.71 (d, J= 1.2 Hz, 3H), 1.41-1.26 
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(m, 4H), 1.34 (d, J= 6.0 Hz, 3H), 0.80 (t, J= 7.2 Hz, 3H); 13C NMR: (101 MHz, C6D6): 
: 155.7, 135.0, 122.3, 96.7, 79.1, 74.1, 54.0, 31.0, 23.5, 22.2, 20.5, 19.4, 13.7; FT-IR 
(max/cm
-1): 2980, 2932, 1744, 1441, 1257, 1152, 1100, 1040, 941, 865, 791; MS (EI, 
m/z): 224 (7, M+), 209 (2), 182 (7), 165 (100),149 (55), 133 (21), 123 (25), 115 (5), 105 
(58), 91 (88), 77 (42); HRMS: (EI, m/z, M+): 224.1407 (calculated), 224.1403 (found). 
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Figure 3.6. (Z)-6-cyclohexyl-4-methylhex-3-en-5-yn-2-yl methyl carbonate 
 
1.1c: 1H NMR (400 MHz, CDCl3) : 5.56-5.67 (m, 2H), 3.75 (s, 3H), 2.48-2.58 
(m, 1H), 1.86-1.79 (m, 2H), 1.83 (s, 3H), 1.66-1.74 (m, 2H), 1.43-1.53 (m, 3H), 1.30-
1.37 (m, 3H), 1.35 (d, J= 5.6 Hz, 3H); 13C NMR (101 MHz, CDCl3) : 155.3, 134.3, 
122.3, 100.7, 78.5, 74.5, 54.7, 32.9, 30.9, 29.9, 26.1, 25.0, 23.7, 20.3; FT-IR (max/cm
-1): 
2931, 2855, 2218, 1746, 1442, 1258, 1153, 1034, 942, 792; MS (EI, m/z): 250 (1, M+), 
191 (24), 174 (55), 159 (29), 145 (24), 131 (71), 117 (68), 105 (51), 91 (100), 77 (36); 
HRMS (EI, m/z, M+): 250.1564 (calculated), 250.1557 (found). 
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Figure 3.7. Methyl (Z)-4,7,7-trimethyloct-3-en-5-yn-2-yl carbonate 
 
1.1d: 1H NMR (400 MHz, C6D6) : 6.08-6.01 (dq, J= 8.4, 6.4 Hz, 1H), 5.53 
(dq, J= 8.4, 1.6 Hz, 1H), 3.35 (s, 3H), 1.68 (d, J= 1.2 Hz, 3H), 1.33 (d, J= 6.4 Hz, 3H), 
1.22 (s, 9H); 13C NMR (101 MHz, C6D6) : 155.8, 135.1, 122.4, 104.6, 77.8, 73.9, 54.0, 
31.0, 28.3, 23.3, 20.3; FT-IR (max/cm
-1): 2971, 2931, 2869, 1748, 1442, 1263, 1038; 
MS (EI, m/z): 224 (2, M+), 165 (47), 148 (40), 133 (100), 123 (11), 117 (25), 105 (88), 
91 (78),77 (33); HRMS (EI, m/z, M+): 224.1407 (calculated), 224.1397 (found). 
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Figure 3.8. (Z)-methyl 4-methylhex-3-en-5-yn-2-yl carbonate 
 
1.1e: 1H NMR (400 MHz, C6D6) : (dq, J= 8.0, 6.5 Hz, 1H), 5.56 (d, J= 8.0 Hz, 
1H), 3.34 (s, 3H), 2.80 (s, 1H), 1.58 (d, J= 1.2 Hz, 3H), 1.26 (d, J= 6.4 Hz, 3H); 13C 
NMR (101 MHz, C6D6) : 155.6, 138.0, 120.4, 83.4, 81.4, 73.8, 54.1, 22.7, 20.2; FTIR 
(νmax/cm
-1): 2957, 2931, 2860, 2244, 146 1441, 1258, 1033, 944, 791, 762, 697; MS (EI, 
m/z): 168 (2, M+), 153(4), 109(100), 91(77), 77(44); HRMS (EI, m/z, M+): 168.0781 
(calculated), 168.0780 (found). 
 
 
 
Figure 3.9. (Z)-methyl 4-methyl-6-(trimethylsilyl)hex-3-en-5-yn-2-yl carbonate 
 
1.1f: 1H NMR (400 MHz, CDCl3) : 5.70 (dq, JAB= 8.8, 1.6 Hz, 1H), 5.62 (dq, 
J= 6.4, 1.2 Hz, 1H), 3.76 (s, 3H), 1.85 (d, J= 0.8 Hz, 3H), 1.37 (d, J= 6.8 Hz, 3H), 0.2 
(s,9H); 13C NMR (100 MHz, CDCl3) : 155.1, 136.9, 121.4, 102.7, 100.5, 74.1, 54.7, 
23.0, 20.1, -0.01; FTIR (νmax/cm
-1): 2958, 2147, 1747, 1442, 1254, 1036, 880, 837, 791, 
760, 634; MS (EI, m/z): 240 (12, M+), 225 (3), 197 (3), 181 (100), 165 (35), 149 (88), 
136 (13), 121 (22), 107 (12), 97 (23), 89 (64), 73 (63), 59 (33); HRMS (EI, m/z, M+): 
240.1176 (calculated), 240.1165 (found). 
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Figure 3.10. Methyl (Z)-4-methyl-6-phenylhex-3-en-5-yn-2-yl carbonate 
 
1.2h: 1H NMR (400 MHz, C6D6) : 7.48-7.54 (m, 2H), 6.93-6.99 (m, 3H), 6.13 
(dq, J= 8.4, 6.4 Hz, 1H), 5.59 (dq, J= 8.4, 1.6 Hz, 1H), 3.34 (s, 3H), 1.73 (d, J= 1.2 Hz, 
3H), 1.32 (d, J= 6.0 Hz, 3H); 13C NMR (101 MHz, C6D6) : 155.7, 136.5, 132.0, 
128.64, 128.60, 123.6, 121.9, 95.7, 87.8, 73.8, 54.1, 23.0, 20.4; FT-IR (max/cm
-1): 2979, 
2956, 1744, 1441, 1259, 1035, 941, 755, 690; MS (EI, m/z): 244 (3, M+), 185 (62), 167 
(100), 152 (90), 141 (24), 128 (26), 115 (28), 102 (11), 91 (13), 77 (14); HRMS (EI, 
m/z, M+): 244.1094 (calculated), 244.1091 (found). 
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Figure 3.11. (Z)-4-butyldec-3-en-5-yn-2-yl methyl carbonate 
 
1.1h: 1H NMR (400 MHz, C6D6) : 6.12 (dq, J= 8.4, 6.4 Hz, 1H), 5.65 (d, J= 
8.4 Hz, 1H), 3.34 (s, 3H), 2.14 (t, J= 6.8 Hz, 2H), 2.07 (t, J= 7.6 Hz, 2H), 1.52 (quint, J= 
7.6 Hz, 2H), 1.40 (d, J= 6.4 Hz, 3H), 1.29-1.38 (m, 4H), 1.23 (sext, J= 7.6 Hz, 2H), 0.83 
(t, J= 7.4 Hz, 3H), 0.80 (t, J= 7.0 Hz, 3H); 13C NMR (101 MHz, C6D6) : 155.7, 134.5, 
127.1, 97.2, 78.4, 74.2, 54.0, 37.4, 31.1, 30.7, 22.4, 22.2, 20.6, 19.4, 14.1, 13.7; FT-IR 
(max/cm
-1): 2957, 2932, 2861, 1746, 1441, 1258, 1035, 942, 791; MS (EI, m/z): 266(<1, 
M+), 207 (21), 190 (28), 161 (30), 148 (17), 133 (47), 119 (48), 105 (100), 91 (95), 77 
(30); HRMS (EI, m/z, M+): 266.1877 (calculated), 266.1868 (found). 
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Figure 3.12. (Z)-dec-3-en-5-yn-2-yl methyl carbonate 
 
1.1i: 1H NMR (400 MHz, C6D6) : 6.0-6.10 (m, 1H), 5.67(dd, JAB= 10.8, 8.0 
Hz, 1H), 5.44 (ddq, J=10.2, 6.4, 1.2 Hz, 1H), 3.32 (s, 3H), 2.09 (td, J= 6.8, 2.4 Hz, 2H), 
1.27-1.35 (m, 4H), 1.31 (d, J= 6.0 Hz, 3H), 0.78 (t, J= 7.2 Hz, 3H); 13C NMR (101 
MHz, C6D6) : 155.6, 140.2, 112.1, 97.7, 76.6, 73.2, 54.1, 30.9, 22.2, 20.2, 19.4, 13.7; 
FT-IR (max/cm
-1): 2959, 2935, 2874, 1747, 1442, 1258, 1034, 942, 792; MS (EI, m/z): 
210 (2, M+), 195 (1), 168 (7), 151 (80), 135 (31), 119 (15), 109 (33), 91 (100), 77 (46); 
HRMS: (EI, m/z, M+): 210.1250 (calculated), 210.1250 (found). 
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Figure 3.13. Methyl (Z)-4-phenyldec-3-en-5-yn-2-yl carbonate 
 
1.1j: 1H NMR (400 MHz, C6D6) : 7.61 (d, J= 6.4 Hz, 1H), 7.04-7.17 (m, 3H), 
6.31 (d, JAB= 8.4 Hz, 1H), 6.24 (dq, JAB= 8.0, 6.4 Hz, 1H), 3.37 (s. 3H), 2.18 (t, J= 7.2 
Hz, 2H), 1.43 (d, J= 6.4 Hz, 3H), 1.28-1.40 (m, 4H), 0.80 (t, J= 7.2 Hz, 3H); 13C NMR 
(101 MHz, C6D6) : 155.7, 138.0, 134.6, 128.6, 128.4, 126.8, 126.4, 99.3, 77.3, 74.5, 
54.1, 31.0, 22.3, 20.4, 19.5, 13.7; FT-IR (max/cm
-1): 3027, 2956, 2931, 2872, 1744, 
1441, 1258, 1034, 942, 791, 762, 693; MS (EI, m/z): 286 (7, M+), 227 (70), 211 (56), 
195 (22), 185 (31), 167 (100), 153 (82), 141 (44), 128 (37), 115 (42), 105 (10), 91 (27), 
77 (21), HRMS (EI, m/z, M+): 286.1564 (calculated), 286.1561 (found). 
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Figure 3.14. Methyl (Z)-7-methyldec-6-en-8-yn-5-yl carbonate 
 
1.1k: 1H NMR (400 MHz, C6D6) : 5.99 (dt, J= 8.8, 6.8 Hz, 1H), 5.56 (dq, J= 
8.4, 1.2 Hz, 1H), 3.36 (s, 3H), 1.77-1.89 (m, 1H), 1.73 (d, J= 1.6 Hz, 3H), 1.61-1.68 (m, 
1H), 1.59 (s, 3H), 1.33-1.47 (m, 2H), 1.25 (sext, J= 7.2 Hz, 2H), 0.82 (t, J= 7.6 Hz, 3H); 
13C NMR (101 MHz, C6D6) : 155.9, 134.1, 123.0, 91.8, 78.5, 77.6, 54.0, 34.8, 27.4, 
23.6, 22.9, 14.1, 4.1; FT-IR (max/cm
-1): 2956, 2920, 2861, 1745, 1441, 1257, 935, 791; 
MS (EI, m/z): 224 (3, M+), 209 (2), 165 (100), 149 (18), 133 (11), 123 (28), 108 (30), 
91 (71), 85 (7), 77 (42); HRMS (EI, m/z, M+): 224.1407 (calculated), 224.1398 (found). 
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Figure 3.15. Methyl (Z)-2,5-dimethyloct-4-en-6-yn-3-yl carbonate 
 
1.2g: 1H NMR (400 MHz, C6D6) : 5.83 (dd, JAB= 8.8, 6.4 Hz, 1H), 5.56 (dd, 
JAB= 9.2, 0.8 Hz, 1H), 3.35 (s, 3H), 2.01 (octet, J= 6.8 Hz, 1H), 1.73 (d, J= 1.2 Hz, 3H), 
1.59 (s, 3H), 1.00 (d, J= 6.4 Hz, 3H), 0.96 (d, J= 6.8 Hz, 3H); 13C NMR (101 MHz, 
C6D6) : 156.0, 132.1, 124.1, 91.7, 81.8, 78.7, 54.1, 33.1, 23.8, 18.2, 18.0, 4.1; FT-IR 
(max/cm
-1): 2963, 2921, 2241, 1748, 1638, 1441, 1369, 1324, 1256, 1206, 1139, 1101, 
1055, 1030, 1000, 965, 952,935, 917, 855, 791; MS (EI, m/z): 210 (< 1, M+), 195 (<1), 
167 (38), 151 (38), 134 (28), 119 (100), 108 (22), 91 (66), 77 (13); HRMS (EI, m/z, 
M+): 210.1251 (calculated), 210.1261 (found). 
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Figure 3.16. Methyl (Z)-3-methylnon-2-en-4-ynyl carbonate 
 
1.1m: 1H NMR (400 MHz, CDCl3) : 5.72 (dt, J= 6.8, 1.2 Hz, 1H), 4.81 (d, J= 
7.2 Hz, 1H), 3.78 (s, 3H), 2.34 (t, J= 7.2 Hz, 2H), 1.87 (d, J= 0.8 Hz, 3H), 1.53 (quint, 
J= 7.2 Hz, 2H), 1.42 (sext, J= 7.2 Hz, 2H), 0.92 (t, J= 7.2 Hz, 3H); 13C NMR (101 MHz, 
CDCl3) : 155.9, 128.0, 124.9, 96.9, 78.3, 66.7, 54.9, 30.9, 23.8, 22.1, 19.3, 13.7; FT-IR 
(max/cm
-1): 2958, 2934, 2906, 1748, 1442, 944, 792; MS (EI, m/z): 210 (5, M+), 168 
(16), 151 (46), 135 (39), 119 (13), 105 (29), 91 (100), 77 (55); HRMS (EI, m/z, M+): 
210.1250 (calculated), 210.1251 (found). 
 
 
 
Figure 3.17. Methyl (E)-4-methylhept-3-en-5-yn-2-yl carbonate 
 
1.2a: 1H NMR (400 MHz, CDCl3) : 5.66 (d, J= 9.2 Hz, 1H), 5.43 (dq, J= 
9.2, 6.4 Hz, 1H), 3.75 (s, 3H), 1.92 (s, 3H), 1.87 (d, J= 1.2 Hz, 3H), 1.33 (d, J= 6.8 Hz, 
3H); 1 3C NMR (100 MHz, CDCl3) : 155.3, 134.0, 122.4, 85.0, 81.7, 71.6, 54.7, 
20.5, 18.2, 4.3;  FTIR (νmax/cm
-1): 2981, 2957, 2920, 2853, 2227, 1742, 1639, 1441, 
1327, 1255, 1154, 1034, 938, 898, 864, 791; MS (EI, m/z):182 (13, M+), 167 (5), 123 
(100), 107 (84), 91 (99), 79 (62). 
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Figure 3.18. Methyl (E)-4-methyldec-3-en-5-yn-2-yl carbonate 
 
1.2b: 1H NMR (400 MHz, CDCl3) : 5.67 (d, J= 8.8 Hz 1H), 5.48 (dq, J= 
8.8, 6.5 Hz, 1H), 3.75 (s, 3H), 2.29 (t, J= 7.0 Hz, 2H), 1.88 (s, 3H), 1.50 (quint, J= 6.8 
Hz, 2H), 1.41 (sext, J= 7.6 Hz, 2H), 1.34 (d, J= 6.4 Hz, 3H), 0.92 (t, J= 7.2 Hz, 3H); 
13C NMR: (101 MHz, CDCl3): : 155.3, 133.9, 122.5, 89.6, 82.6, 71.7, 54.7, 30.9, 22.1, 
20.5, 19.1, 18.3, 13.7; FTIR (max/cm
-1): 2958, 2933, 2873, 2220, 1743, 1638, 1441, 
1326, 1257, 1154, 1036, 939, 865, 792; MS (EI, m/z): 224 (6, M+), 182 (9), 165 (70), 
149 (50), 133 (19), 119 (41), 105 (77), 91 (100), 77 (53). 
 
 
 
Figure 3.19. Methyl (E)-4-methyl-6-phenylhex-3-en-5-yn-2-yl carbonate 
 
1.2g:  1H NMR (400 MHz, CDCl3) : 7.41-7.45 (m, 2H), 7.28-7.33 (m, 3H), 
5.87 (dq, J= 8.8, 1.2 Hz, 1H), 5.50 (dq, J= 8.8, 6.4 Hz, 1H), 3.77 (s, 3H), 2.00 (d, J= 1.2 
Hz, 3H), 1.39 (d, J= 6.4 Hz, 3H); 13C NMR (101 MHz, CDCl3) :155.3, 135.5, 131.7, 
128.4, 123.3, 121.9, 91.3, 88.5, 71.6, 54.8, 20.4, 18.0; FTIR (νmax/cm
-1): 3059, 2982, 
2956, 2923, 1741, 1489, 1441, 1328, 1255, 1142, 1036, 942, 866, 754, 690; MS (EI, 
m/z): 244 (6, M+), 185 (100), 167 (90), 153 (95), 152 (88), 141 (44), 128 (38), 115 (54), 
102 (22), 91 (35), 77 (36). 
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Figure 3.20. Methyl (E)-7-methyldec-6-en-8-yn-5-yl carbonate 
 
1.2k: 1H NMR (400 MHz, CDCl3) : 5.62 (d, J= 9.2, 1H), 5.26-5.32 (m, 1H), 
3.75 (s, 3H), 1.93 (s, 1H), 1.88 (d, J= 1.2 Hz, 3H), 1.68-1.77 (m, 1H), 1.49-1.58 (s, 1H), 
1.37-1.24 (m, 4H), 0.88 (t, J= 6.6 Hz, 3H); 13C NMR (101 MHz, CDCl3) : 155.4, 
133.1, 123.2, 85.0, 82.0, 75.2, 55.0, 34.2, 27.1, 23.0, 18.4, 14.1, 4.3; FTIR (νmax/cm
-1): 
2957, 2930, 2862, 2222, 1743, 1638, 1441, 1380, 1321, 1259, 1152, 1091, 1036, 933, 
879, 866, 791;MS (EI, m/z): 224 (4, M+), 167 (31), 148 (26), 133 (19), 123 (38), 119 
(51), 105 (47), 91 (94), 77 (56). 
 
 
 
Figure 3.21. Methyl (E)-2,5-dimethyloct-4-en-6-yn-3-yl carbonate 
 
1.2l: 1H NMR (400 MHz, CDCl3) : 5.63 (d, J= 9.6 Hz, 1H), 5.07 (dd, J= 9.6, 
7.0 Hz, 1H), 3.75 (s, 3H), 1.93 (s, 3H), 1.89 (d, J= 1.2 Hz, 3H), 0.95 (d, J= 6.8 Hz, 
3H), 0.90 (d, J= 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) : 155.6, 131.5, 124.0, 
85.0, 81.9, 79.6, 54.8, 32.5, 18.5, 18.3, 17.9, 4.3; FTIR (νmax/cm
-1): 2960, 2920, 2876, 
2222, 1743, 1639, 1441, 1254, 966, 934, 791; MS (EI, m/z): 210 (9, M+), 195 (3), 167 
(100), 151 (85), 135 (41), 123 (42), 119 (92), 108 (71), 91 (82), 77 (59). 
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Figure 3.22. (E)-hept-3-en-5-yn-2-yl methyl carbonate 
 
1.2n: 1H NMR (400 MHz, C6D6) : 5.99 (dd, JAB= 15.6, 6.8 Hz, 1H), 5.67 (d, 
JAB= 15.6 Hz, 1H), 5.15 (quint, J= 6.6 Hz, 1H), 3.73 (s, 3H), 1.90 (d, J= 1.6 Hz, 3H), 
1.33 (d, J= 6.8 Hz, 3H); 13C NMR (100 MHz, C6D6) : 155.0, 139.6, 112.9, 87.9, 75.4, 
54.7, 20.1, 4.3; FTIR (max/cm
-1): 2984, 2958, 2920, 2854, 2223, 1743, 1638, 1441, 
1255, 1036, 941, 871, 790; MS (EI, m/z): 168 (3, M+), 153 (3), 109 (100), 91 (83), 77 
(47). 
 
3.4. General Method for the Palladium-Catalyzed Synthesis of     
Vinylallenes 
 
A mixture of Pd2(dba)3CHCl3 (3% Pd) and PPh3 (12%) in dry THF (1 mL) 
were stirred for 15 min under Ar. Then, the dry THF (4 mL) solution of 1.1 or 1.2 (0.2 
mmol), 2 (0.6 mmol, 3 equiv), and degassed water (0.4 mL) were added successively. 
The mixture was stirred magnetically in an oil bath preheated at 65 °C. The solvent was 
evaporated and the residue was purified by column chromatography on silica gel 
(hexane-ethyl acetate), affording the corresponding vinylallene product. The all 
vinylallene products appeared as colorless oil and coupling constants of olefinic protons 
and NOE studies confirm E-configured structures. 
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Figure 3.23. (E)-(4-methylhepta-2,3,5-trien-2-yl)benzene 
 
3aa: 1H NMR (400 MHz, C6D6) : 7.40-7.46 (m, 2H), 7.14-7.21 (m, 2H), 7.02-
7.08 (m, 1H), 6.15 (dq, J= 15.6, 1.6 Hz, 1H), 5.51 (dq, J= 15.6, 6.4 Hz, 1H), 2.02 (s, 
3H), 1.85 (s, 3H), 1.63 (dd, J= 6.8, 1.2 Hz, 3H); 13C NMR (101 MHz, C6D6):  207.5, 
138.2, 129.9, 128.7, 126.9, 126.4, 124.5, 102.3, 100.4, 18.3, 17.3, 15.6; FTIR (νmax/cm
-
1): 3029, 2981, 2911, 1933, 1598, 1491, 1444, 1367, 1065, 1026, 961, 757, 690, 603, 
594; MS (EI, m/z): 184 (100, M+), 169 (98), 154 (86), 141 (70), 128 (51), 115 (36), 105 
(19), 91 (30), 77 (15); HRMS (ESI, m/z, (M+H)+): 185.1325 (calculated), 185.1324 
(found). 
 
 
 
Figure 3.24. (E)-1-(4-methylhepta-2,3,5-trien-2-yl)-4-(trifluoromethyl)benzene 
 
3ab: 1H NMR (400 MHz, C6D6) : 7.35 (d, J= 8.4 Hz, 2H), 7.20 (d, J= 8.4 Hz, 
2H), 6.08 (dd, J= 15.2, 1.6 Hz, 1H), 5.50 (dq, J= 15.6, 6.4 Hz, 1H), 1.87 (s, 3H), 1.80 (s, 
3H), 1.62 (dd, J= 6.8, 1.6 Hz, 3H); 13C NMR (100 MHz, C6D6) : 208.2, 141.9, 128.9 
(q, J= 32 Hz), 128.9, 126.4, 125.5 (q, J= 3.9 Hz), 125.0 (q, J= 263 Hz), 102.9, 99.6, 
18.4, 17.0, 15.4; FTIR (νmax/cm
-1): 2987, 2928, 2855, 1933, 1616, 1323, 1164, 1114, 
1074, 1014, 840, 607; MS (EI, m/z): 252 (100, M+), 237 (82), 222 (21), 209 (43), 197 
(64), 183 (26), 168 (36), 153 (39), 141 (17), 128 (14), 115 (13), 91 (16); HRMS (EI, 
m/z, M+): 252.1120 (calculated), 252.1119 (found). 
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Figure 3.25. (E)-1,2-difluoro-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
 
3ac: 1H NMR (400 MHz, C6D6) : 7.06-7.14 (m, 1H), 6.77-6.84 (m, 1H), 6.66-
6.75 (m, 1H), 6.04 (dq, J= 15.6, 1.6 Hz, 1H), 5.48 (dq, J= 15.6, 6.4 Hz, 1H), 1.80 (s, 
3H), 1.76 (s, 3H), 1.61 (dd, J= 6.8, 1.6 Hz, 3H); 13C NMR (101 MHz, C6D6) : 207.0, 
150.8 (dd, J= 236, 12.2 Hz), 149.6 (dd, J= 246, 12.9 Hz), 135.6 (t, J= 5.0 Hz), 129.1, 
125.4, 122.1 (dd, J= 6.1, 3.1 Hz), 117.2 (d, J= 16.8 Hz), 115.0 (d, J= 17.5 Hz), 18.1, 
17.0, 15.2; FTIR (νmax/cm
-1): 3037, 2986, 2928, 2859, 1933, 1735, 1603, 1515, 1445, 
1289, 962, 817, 773; MS (EI, m/z): 220 (100, M+), 205 (82), 190 (56), 177 (55), 165 
(43), 151 (33), 141 (29), 127 (21), 91 (22), 77 (6); HRMS (ESI, m/z, (M+H)+): 
221.1136 (calculated), 221.1137 (found). 
 
 
 
Figure 3.26. (E)-3-(4-methylhepta-2,3,5-trien-2-yl)pyridine 
 
3ad: 1H NMR (400 MHz, C6D6) : 8.88-8.92 (m, 1H), 8.42-8.47 (m, 1H), 7.34-
7.37 (m, 1H), 6.70-7.38 (m, 1H), 6.04 (dq, J= 15.6, 1.2 Hz, 1H), 5.48 (dq, J= 15.6, 6.8 
Hz, 1H), 1.86 (s, 3H), 1.76 (s, 3H), 1.6 (dd, J= 7.2, 1.2 Hz, 3H); 13C NMR (101 MHz, 
C6D6) : 207.4, 148.3, 133.5, 132.6, 129.2, 125.3, 123.1, 103.0, 98.0, 18.3, 16.8, 15.4; 
FTIR (νmax/cm
-1): 3037, 2985, 2924, 2858, 1932, 1569, 1479, 1445, 1417, 1378, 1020, 
962, 806, 708, 605; MS (EI, m/z): 185 (68, M+), 170 (100), 154 (48), 142 (13), 128 
(15), 115 (12), 106 (14), 91 (10), 77 (12); HRMS (EI, m/z, M+): 185.1199 (calculated), 
185.1199 (found). 
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Figure 3.27. (E)-1-(4-(4-methylhepta-2,3,5-trien-2-yl)phenyl)ethanone 
 
3ae: 1H NMR (400 MHz, CDCl3) : 7.89 (d, J= 8.4 Hz, 2H), 7.43 (d, JAB= 8.0  
Hz, 2H), 6.04 (dq, JAB= 15.6, 1.6 Hz, 1H), 5.68 (dq, J= 15.2, 6.8 Hz, 1H), 2.57 (s, 3H), 
2.1 (s, 3H), 1.9 (s, 3H), 1.80 (dd, J= 6.4, 1.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) : 
208.3, 197.7, 143.0, 135.0, 128.43, 128.39, 125.8, 125.4, 102.4, 99.4, 26.6, 18.4, 17.0, 
15.3; FTIR (νmax/cm
-1): 2925, 2850, 1930, 1681, 1601, 1357, 1266, 959, 838, 646, 602; 
MS (EI, m/z): 226 (100, M+), 211 (57), 183 (37), 168 (43), 153 (39), 141 (24), 128 (19), 
115 (21), 91 (11); HRMS (ESI, m/z, (M+H)+): 227.1430 (calculated), 227.1429 (found). 
 
 
 
Figure 3.28. (E)-1-methyl-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
 
3af: 1H NMR (400 MHz, CDCl3) : 7.24 (d, JAB= 8.0, 2H), 7.11 (d, JAB= 8.0 
Hz, 2H), 6.06 (dq, J= 16.0, 2.0 Hz, 1H), 5.64 (dq, J= 15.6, 6.4 Hz, 1H), 2.32 (s, 3H), 
2.07 (s, 3H), 1.80 (s, 3H), 1.79 (dd, J= 6.8, 1.6 Hz, 3H); 13C NMR (100 MHz, CDCl3) : 
206.7, 136.1, 134.8, 129.5, 129.0, 125.7, 124.3, 101.7, 99.5, 21.1, 18.3, 17.2, 15.5; 
FTIR (νmax/cm
-1): 3038; 2982, 2921, 2850, 1510, 1444, 1370, 1025, 963, 816, 590; MS 
(EI, m/z): 198 (100, M+), 183 (93), 168 (82), 153 (48), 141 (36), 128 (33), 115 (35), 105 
(18), 91 (30), 77 (19); HRMS (ESI, m/z, (M+H)+): 199.1481 (calculated), 199.1481 
(found). 
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Figure 3.29. (E)-1-methyl-3-(4-methylhepta-2,3,5-trien-2-yl)benzene 
 
3ag: 1H NMR (400 MHz, C6D6):  7.35 (s, 1H), 7.27-7.33 (m, 1H), 7.12-7.16 
(m, 1H), 6.88-6.94 (m, 1H), 6.19 (dq, J= 15.6, 1.6 Hz, 1H), 5.50 (dq, J= 15.2, 6.4 Hz, 
1H), 2.12 (s, 3H), 2.06 (s, 3H), 1.87 (s, 3H), 1.62 (dd, J= 6.8, 1.6 Hz, 3H) 13C-NMR 
(100 MHz, C6D6) : 207.5, 138.2, 138.0, 130.0, 128.7, 127.8, 127.1, 124.5, 123.6, 
102.2, 100.4, 21.5, 18.4, 17.5, 15.7; FTIR (νmax/cm
-1): 3013, 2918, 2855, 1933, 1604, 
1488, 1444, 1376, 1028, 962, 781, 696; MS (EI, m/z): 198 (100, M+), 183 (87), 168 
(78), 153 (47), 141 (37), 128 (32), 115 (34), 105 (17), 91 (32); HRMS (ESI, m/z, 
(M+H)+): 199.1481 (calculated), 199.1481 (found). 
 
 
 
Figure 3.30. (E)-1-methoxy-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
 
3ah: 1H NMR (400 MHz, C6D6) : 7.36 (dd, J= 7.6, 1.6 Hz, 1H), 7.06 (dt, J= 
8.0, 1.2 Hz, 1H), 6.86 (t, J= 7.6 Hz, 1H), 6.56 (d, J= 8.4 Hz, 1H), 6.28 (dq, J= 15.6, 1.6 
Hz, 1H), 5.46 (dq, J= 15.6, 6.4 Hz, 1H), 3.33 (s, 3H), 2.22 (s, 3H), 1.88 (s, 3H), 1.64 
(dd, J= 6.4, 1.6 Hz, 3H); 13C NMR (101 MHz, C6D6) : 208.2, 157.6, 130.9, 129.9, 
128.8, 127.9, 123.3, 120.9, 111.7, 99.1, 98.3, 55.2, 20.0, 18.4, 16.0; FTIR (νmax/cm
-1): 
2924, 1596, 1578, 1491, 1434, 1245, 1029, 962, 749, 603; MS (EI, m/z): 214 (23, M+), 
199 (100), 184 (38), 165 (34), 152 (25), 141 (25), 135 (78), 128 (29), 115 (34), 91 (30), 
77 (28); HRMS (ESI, m/z, (M+H)+): 215.1430 (calculated), 215.1430 (found). 
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Figure 3.31. (E)-1-fluoro-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
 
3ai: 1H NMR (500 MHz, C6D6) : 7.19-7.25 (m, 1H), 6.76-6.85 (m, 3H), 6.18 
(d, J= 15.5 Hz, 1H), 5.46 (dq, J= 15.5, 6.5 Hz, 1H), 2.10 (s, 3H), 1.83 (s, 3H), 1.61 (d, 
J= 6.5 Hz, 3H); 13C NMR (126 MHz, C6D6) : 208.7, 160.5 (d, J= 248 Hz), 129.9, 
129.6 (d, J= 3.8 Hz), 128.5 (d, J= 7.6 Hz), 128.4, 124.5, 124.2 (d, J= 3.8 Hz), 116. (d, 
J= 23.1 Hz), 100.5, 95.8, 19.4 (d, J= 2.0 Hz), 18.4, 15.7; FTIR (νmax/cm-1): 3038, 2923, 
2854, 1907, 1576, 1490, 1445, 1368, 1220, 1037, 961, 753, 601; MS (EI, m/z): 202 
(100, M+), 187 (74), 165 (57), 159 (52), 152 (50), 146 (44), 133 (35), 123 (35), 109 
(30), 91 (14), 77 (9); HRMS (EI, m/z, M+): 202.1152 (calculated), 202.1147 (found). 
 
 
 
Figure 3.32. (E)-2-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
 
3aj: 1H NMR (400 MHz, C6D6) : 7.72-7.77 (m, 2H), 7.58-7.67 (m, 3H), 7.20-
7.30 (m, 2H), 6.19 (dq, J= 15.6, 2.4 Hz, 1H), 5.54 (dq, J= 15.6, 6.8 Hz, 1H), 2.14 (s, 
3H), 1.89 (s, 3H), 1.64 (dd, J= 6.4, 1.6 Hz, 3H); 13C NMR (101 MHz, C6D6) : 208.3, 
135.6, 134.4, 133.0, 129.7, 128.4, 128.2, 126.4, 125.9, 125.8, 124.8, 124.0, 102.6, 
100.7, 18.4, 17.4, 15.7; FTIR (νmax/cm
-1): 3053, 2982, 2915, 1929, 1629, 1597, 1505, 
1371, 1025, 961, 854, 817, 783, 745; MS (EI, m/z): 234 (100, M+), 219 (88), 204 (81), 
189 (27), 178 (43), 165 (25), 152 (20), 141 (15); HRMS (ESI, m/z, (M+H)+): 235.1481 
(calculated), 235.1481 (found). 
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Figure 3.33. (E)-1-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
 
3ak: 1H NMR (400 MHz, C6D6) : 8.40-8.46 (m, 1H), 7.63-7.69 (m, 1H), 7.53-
7.58 (m, 1H), 7.33-7.43 (m, 2H), 7.21-7.30 (m, 2H), 6.26 (dq, J= 15.6, 1.6 Hz, 1H), 5.43 
(dq, J= 15.6, 6.8 Hz, 1H), 2.16 (s, 3H), 1.83 (s, 3H), 1.62 (dd, J= 6.8, 1.2 Hz, 3H); 13C 
NMR (101 MHz, C6D6) : 206.8, 138.0, 134.7, 131.8, 130.3, 128.9, 127.7, 126.2, 126.1, 
126.0, 125.8, 125.5, 124.2, 99.6, 98.8, 21.7, 18.4, 15.9; FTIR (νmax/cm
-1): 3057, 2918, 
2879, 2723, 1939, 1734, 1439, 1030, 960, 799, 775; MS (EI, m/z, M+): 234 (26), 219 
(100), 204 (63), 189 (32), 178 (16), 165 (26), 152 (14); HRMS (EI, m/z, M+): 234.1403 
(calculated), 234.1403 (found). 
 
 
 
Figure 3.34. (E)-3-(4-methylhepta-2,3,5-trien-2-yl)thiophene 
 
3al: 1H NMR (400 MHz, CDCl3) : 7.20-7.23 (m, 1H), 7.01-7.05 (m, 2H), 6.27 
(dq, J= 15.6, 1.6 Hz, 1H), 5.96 (dq, J= 15.6, 6.4 Hz, 1H), 2.06 (s, 3H), 1.87 (s, 3H), 1.79 
(dd, J= 6.8, 1.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) : 206.8, 140.1, 129.3, 126.9, 
125.2, 124.5, 118.7, 103.3, 99.1, 18.3, 17.7, 15.6; FTIR (νmax/cm
-1): 3103, 2987, 2922, 
2855, 1929, 1442, 1368, 1247, 1183, 1026, 962, 864, 775, 644; MS (EI, m/z): 190 (95, 
M+), 175 (100), 160 (45), 147 (32), 142 (59), 134 (23), 129 (17), 115 (25); HRMS (ESI, 
m/z, (M+H)+): 191.0889 (calculated), 191.0889 (found). 
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Figure 3.35. (2E,7E)-4,6-dimethylundeca-2,4,5,7-tetraene 
 
3aa: 1H NMR (400 MHz, C6D6) : 6.08-6.23 (m, 2H), 5.53 (dt, J= 15.6, 6.8 
Hz, 1H), 5.45 (dq, J= 15.6, 6.4 Hz, 1H), 2.00 (q, J= 7.2 Hz, 2H), 1.85 (s, 3H), 1.82 (s, 
3H), 1.62 (dd, J= 6.8, 1.6 Hz, 3H), 1.33 (sext, J= 7.6 Hz, 2H), 0.84 (t, J= 7.2 Hz, 3H); 
13C NMR (101 MHz, C6D6) : 209.5, 130.5, 129.5, 129.2, 123.8, 99.79, 99.75, 35.4, 
23.1, 18.3, 16.1, 16.0, 13.9; FTIR (νmax/cm
-1): 3037, 2959, 2927, 2872, 1929, 1439, 
1377, 1032, 961, 586; MS (EI, m/z, M+): 176 (51), 161 (14), 147 (42), 133 (31), 119 
(100), 105 (75), 91 (59), 77 (25); HRMS (EI, m/z, M+): 176.1560 (calculated), 176.1552 
(found). 
 
 
 
Figure 3.36. (E)-(7-methyldeca-5,6,8-trien-5-yl)benzene 
 
3ba: 1H NMR (400 MHz, C6D6) : 7.45-7.49 (m, 2H), 7.15-7.22 (m, 2H), 7.03-
7.10 (m, 1H), 6.19 (dq, J= 15.6, 1.6 Hz, 1H), 5.67 (dq, J= 15.6, 6.6 Hz, 1H), 2.42 (t, 
J=7.6 Hz, 2H), 1.87 (s, 3H), 1.64 (dd, J= 6.8, 1.6 Hz, 3H), 1.56 (quint, J= 7.6 Hz, 2H), 
1.36 (sext, J= 7.6 Hz, 2H), 0.87 (t, J= 7.2 Hz, 3H); 13C NMR (101 MHz, C6D6) : 207.3, 
138.0, 129.9, 128.7, 126.9, 126.7, 124.4, 105.7, 105.6, 30.6, 30.5, 22.9, 18.4, 15.7, 14.2; 
FTIR (νmax/cm
-1): 3025, 2957, 2928, 2859, 1931, 1599, 1492, 1446, 1376, 961, 757, 
693; MS (EI, m/z): 226 (13, M+), 211 (7), 197 (13), 184 (50), 169 (100), 155 (37), 141 
(31), 128 (23), 115 (21), 91 (25), 77 (8); HRMS (EI, m/z, M+): 226.1716 (calculated), 
226.1712 (found). 
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Figure 3.37. (E)-(1-cyclohexyl-3-methylhexa-1,2,4-trienyl)benzene 
 
3ca: 1H NMR (400 MHz, C6D6) : 7.44-7.57 (m, 2H), 7.17-7.21 (m, 2H), 7.02-
7.09 (m, 1H), 6.19 (dq, J= 15.6, 1.6 Hz, 1H), 5.54 (dq, J= 15.6, 6.8 Hz, 1H), 2.44-2.52 
(m, 1H), 1.95-2.03 (m, 2H), 1.87 (s, 3H), 1.65 (dd, J= 6.8, 1.6 Hz, 3H), 1.59-1.73 (m, 
3H), 1.24-1.32 (m, 4H), 1.11-1.19 (m, 1H); 13C NMR (101 MHz, C6D6) : 207.1, 137.8, 
130.2, 128.7, 127.2, 126.8, 124.2, 112.2, 104.3, 38.6, 33.3, 33.5, 27.0, 26.8, 18.4, 15.9; 
FTIR (νmax/cm
-1): 3021, 2924, 2851, 1928, 1598, 1493, 1446, 961, 764, 693; MS (EI, 
m/z): 252 (18, M+), 237 (18), 223 (31), 195 (26), 183 (100), 169 (50), 155 (48), 141 
(30), 128 (29), 115 (25), 91 (36), 77 (12); HRMS (EI, m/z, M+): 252.1873 (calculated), 
252.1871 (found). 
 
 
 
Figure 3.38. (E)-(2,2,5-trimethylocta-3,4,6-trien-3-yl)benzene 
 
3da: 1H-NMR (400 MHz, C6D6):  7.30-7.35 (m, 2H), 7.11-7.17 (m, 2H), 
7.7.04-7.10 (m, 1H), 6.22 (dq, J= 15.6, 1.6 Hz, 1H), 5.42 (dq, J= 6.8, 15.6 Hz, 1H), 1.79 
(s, 3H), 1.64 (dd, J= 6.4, 1.6 Hz, 3H), 1.20 (s, 9H); 13C-NMR (101 MHz, C6D6):  
204.7, 138.6, 130.8, 129.9, 128.2, 126.8, 123.6, 115.6, 101.0, 35.4, 30.3, 18.4, 16.2; 
FTIR (νmax/cm
-1): 3018, 2965, 2902, 2866, 1442, 1361, 960, 755, 737, 698, 570; MS 
(EI, m/z): 226 (7, M+), 196 (6), 181 (6), 169 (100), 154 (72), 141 (25), 128 (24), 115 
(19), 91 (26), 77 (12); HRMS (EI, m/z, M+): 226.1716 (calculated), 226.1710 (found). 
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Figure 3.39. (E)-(3-methylhexa-1,2,4-trienyl)benzene 
 
3ea: 1H-NMR (400 MHz, C6D6) : 7.24-7.28 (m, 2H), 7.08-7.15 (m, 2H), 6.90-
7.04 (m, 1H), 6.23 (s, 1H), 6.12 (d, J= 15.6 Hz, 1H), 5.50 (dq, J= 15.6, 6.4 Hz, 1H), 
1.82 (d, J= 2.8 Hz, 3H), 1.60 (d, J= 6.4 Hz, 3H); 13C-NMR (101 MHz, C6D6) : 208.7, 
135.6, 129.1, 128.9, 127.3, 127.1, 125.2, 104.2, 99.7, 18.3, 15.5; FTIR (νmax/cm
-1): 
3024, 2871, 1932, 1598, 1495, 1448, 960, 825, 742, 692, 631; MS (EI, m/z): 170 (75, 
M+), 155 (100), 141 (24), 128 (45), 115 (36), 102 (8), 91 (28), 77 (20); HRMS (EI, m/z, 
M+): 170.1090 (calculated), 170.1084 (found). 
 
 
 
Figure 3.40. (E)-(3-methylhexa-1,2,4-triene-1,1-diyl)dibenzene 
 
3ga: 1H-NMR (500 MHz, C6D6) : 7.46-7.50 (m, 4H), 7.14-7.23 (m, 4H), 7.05-
7.10 (m, 2H), 6.16 (dq, J= 15.5, 1.5 Hz, 1H), 5.50 (dq, J= 15.8, 6.5 Hz, 1H), 1.84 (s, 
3H), 1.61 (dd, J= 7.0, 1.5 Hz, 3H);13C-NMR (126 MHz, C6D6) : 209.5, 137.9, 129.2, 
129.1, 128.8, 127.4, 125.4, 110.2, 103.5, 18.4, 15.6; FTIR (νmax/cm
-1): 3029, 2925, 
1715, 1598, 1492, 1445, 962, 900, 839, 768, 738, 695, 630; MS (EI, m/z): 246 (100, 
M+), 231 (24), 215 (70), 202 (27), 189 (12), 165 (17), 153 (21), 128 (10), 115 (14), 91 
(9), 77 (8); HRMS (EI, m/z, M+): 246.14030 (calculated), 246.13960 (found). 
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Figure 3.41. (E)-(7-(prop-1-enyl)undeca-5,6-dien-5-yl)benzene 
 
3ha: 1H NMR (400 MHz, C6D6) : 7.46-7.53 (m, 2H), 7.16-7.23 (m, 2H), 7.03-
7.09 (m, 1H), 6.14 (dd, J= 15.7, 1.6 Hz, 1H), 5.65 (dq, J= 15.7, 6.7 Hz, 1H), 2.46 (t, J= 
8.0 Hz, 2H), 2.26 (t, J= 7.6 Hz, 2H), 1.66 (dd, J= 6.8, 1.5 Hz, 3H), 1.54-1.64 (m, 4H), 
1.30-1.41 (m, 4H), 0.88 (t, J= 7.2 Hz, 3H), 0.85 (t, J= 7.2 Hz, 3H); 13C NMR (101 MHz, 
C6D6) : 206.8, 138.0, 129.4, 128.7, 126.9, 126.5, 124.1, 108.7, 107.3, 30.8, 30.61, 
30.60, 29.6, 23.2, 23.0, 18.6, 14.3, 14.2; FTIR (νmax/cm
-1): 3023, 2956, 2927, 2858, 
1597, 1493, 1448, 1377, 961, 757, 692; MS (EI, m/z): 268 (2, M+), 239 (4), 226 (3), 211 
(39), 183 (33), 169 (100), 155 (38), 141 (48), 128 (14), 115 (17), 91 (28), 77 (8); HRMS 
(EI, m/z, M+): 242.1485 (calculated), 242.1485 (found). 
 
 
 
Figure 3.42. (E)-deca-5,6,8-trien-5-ylbenzene 
 
3ia: 1H-NMR (400 MHz, CD3Cl) : 7.42-7.36 (m, 2H), 7.35-7.28 (m, 2H), 
7.22-7.16 (m, 1H), 6.15 (dt, J= 10.0, 2.8 Hz, 1H), 5.92 (ddq, JAB= 15.2, 10.4, 1.2 Hz, 
1H), 5.74 (dq, JAB= 15.2, 6.8 Hz, 1H), 2.49-2.41 (m, 2H), 1.77 (dd, J= 6.0, 1.2 Hz, 2H),  
13C NMR (100 MHz, CDCl3) : 207.0, 137.0, 128.5, 127.9, 126.8, 126.7, 126.3, 107.1, 
97.3, 30.2, 30.0, 22.6, 18.4, 14.1; FTIR (νmax/cm
-1): 2956, 2926, 2857, 1931, 1492, 
1447, 1026, 962, 758, 692; MS (EI, m/z): 212 (5, M+), 170 (48), 155 (100), 141 (28), 
128 (19), 115 (20), 91 (21), 77 (6); HRMS (EI, m/z, M+): 212.1560 (calculated), 
212.1554 (found). 
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Figure 3.43. (E)-deca-2,4,5-triene-4,6-diyldibenzene 
 
3ja: 1H NMR (400 MHz, C6D6) : 7.50-7.57 (m, 4H), 7.12-7.20 (m, 4H), 7.02-
7.09 (m, 2H), 6.27 (dq, J= 15.6, 2.0 Hz, 1H), 5.96 (dq, J= 15.6, 6.8 Hz, 1H), 2.47 (t, J= 
7.6 Hz, 1H), 2.46 (t, J= 7.6 Hz, 1H), 1.62 (dd, J= 6.8, 1.6 Hz, 3H), 1.54-1.65 (m, 2H), 
1.31 (sext, J= 15.6, 2H), 0.82 (t, J= 15.6 Hz, 3H); 13C NMR (101 MHz, C6D6) : 207.7, 
137.3, 137.1, 128.9, 128.8, 128.7, 127.9, 127.4, 127.2, 127.0, 126.5, 111.3, 109.1, 30.6, 
30.5, 23.0, 18.5, 14.2; FTIR (νmax/cm
-1): 3026, 2956, 2929, 2858, 1597, 1492, 1445, 
960, 756, 692; MS (EI, m/z): 288 (8, M+), 259 (19), 246 (168), 231 (100), 215 (77), 202 
(28), 165 (16), 155 (20), 128 (21), 115 (28), 91 (26), 77 (13); HRMS (EI, m/z, M+): 
288.1873 (calculated), 288.1876 (found). 
 
 
 
Figure 3.44. (E)-(4-methyldeca-2,3,5-trien-2-yl)benzene 
 
3ka: 1H NMR (500 MHz, C6D6) : 7.40-7.46 (m, 2H), 7.12-7.20 (m, 2H), 7.00-
7.09 (m, 1H), 6.20 (dt, J= 15.5, 1.5 Hz, 1H), 5.60 (dt, J= 12.5, 6.0 Hz, 1H), 2.00-2.10 
(m, 2H), 2.03 (d, J= 3.0 Hz, 3H), 1.89 (d, J=3.0, 3H), 1.20-1.22 (m, 4H), 0.84 (t, J= 7.5 
Hz, 3H); 13C NMR (126 MHz, C6D6) : 207.7, 138.2, 130.2, 128.7, 128.6, 126.9, 126.4, 
102.4, 100.4, 33.1, 32.1, 22.7, 17.3, 15.7, 14.2; FTIR (νmax/cm
-1): 3027, 2956, 2925, 
2863, 1933, 1492, 1444, 1367, 1027, 963, 758, 692, 604, 596; MS (EI, m/z): 226 (38, 
M+), 211 (21), 197 (9), 183 (100), 168 (52), 155 (83), 141 (55), 128 (40), 115 (37), 105 
(28), 91 (33), 77 (21); HRMS (ESI, m/z, (M+H)+): 227.1794 (calculated), 227.1795 
(found). 
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Figure 3.45. (E)-(4,7-dimethylocta-2,3,5-trien-2-yl)benzene 
 
3la: 1H NMR (400 MHz, C6D6) : 7.32-7.50 (m, 2H), 7.10-7.20 (m, 2H), 7.00-
7.08 (m, 1H), 6.20 (dd, J= 15.8, 1.4 Hz, 1H), 5.59 (dd, J= 15.6, 7.0 Hz, 1H), 2.21-2.32 
(m, 1H), 2.03 (s, 3H), 1.89 (s, 3H), 0.956 (d, J= 7.2 Hz, 3H), 0.953 (d, J= 7.2 Hz, 3H); 
13C NMR (101 MHz, C6D6) : 207.9, 138.2, 137.0, 128.7, 126.9, 126.4, 125.9, 102.3, 
100.4, 31.9, 22.7, 17.3, 15.7 ppm; FTIR (νmax/cm
-1): 3027, 2958, 2867, 1933, 1597, 
1492, 1465, 1444, 1366, 1066, 1029, 964, 758, 692, 603; MS (EI, m/z): 212 (47, M+), 
197 (100), 182 (32), 169 (31), 165 (29), 155 (48), 141 (36), 128 (35), 115 (29), 91 (24), 
77 (15); HRMS (EI, m/z, M+): 212.1560 (calculated), 212.1551 (found). 
 
 
 
Figure 3.46. (3-methylnona-1,3,4-trien-5-yl)benzene 
 
3ma: 1H-NMR (400 MHz, C6D6) : 7.39-7.45 (m, 2H), 7.15-7.21 (m, 2H), 
7.02-7.09 (m, 1H), 6.51 (dd, J= 17.2, 10.4 Hz, 1H), 5.12 (dd, J= 17.2, 1.2 Hz, 1H), 4.99 
(dd, J= 10.8, 0.8 Hz, 1H), 2.39 (t, J= 7.6 Hz, 2H), 1.84 (s, 3H), 1.51 (quint, J= 7.6 Hz, 
2H), 1.33 (sext, J= 7.6 Hz, 2H), 0.86 (t, J= 7.6 Hz, 3H);13C-NMR (101 MHz, C6D6) : 
208.3, 137.5, 136.1, 128.8, 127.0, 126.7, 112.9, 106.0, 103.9, 30.4, 30.3, 22.8, 14.9, 
14.2; FTIR (νmax/cm
-1): 3026, 2957, 2929, 2859, 1931, 1613, 1493, 1455, 896, 759, 739, 
694; MS (EI, m/z, M+): 212 (2, M+), 197 (1), 170 (54), 155 (100), 141 (35), 128 (23), 
115 (31), 91 (23), 77 (12); HRMS (EI, m/z, M+): 212.1560 (calculated), 212.1560 
(found). 
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CHAPTER 4 
 
RESULTS AND DISCUSSION 
 
In this study, we studied the Pd(0)-catalyzed arylation reactions of (E)- and 
(Z)-enyne carbonates to produce vinylallene structures in the presence of phenylboronic 
acids. According to NMR analyses, E-configured vinylallenes were achieved in high 
yields (Figure 4.1). 
 
 
 
Figure 4.1. Pd(0)-catalyzed arylation of (E)- and (Z)-enyne carbonates. 
 
The catalyst system used for the Pd(0)-catalyzed reactions of 2,4-enyne 
carbonates with organoboronic acids was Pd2(dba)3CHCl3/PPh3, since this combination 
already proved its activity for Pd(0)- catalyzed alkoxycarbonylation of conjugated Z-
enyne carbonates, which led to vinylallenyl esters (Akpinar, et al. 2011). Indeed, a 
related E-configured and phenyl-functionalized vinylallene 3aa was produced via the 
reaction of a (E)- and (Z)- 2-en-4-yne carbonates with phenylboronic acid in the 
presence of Pd2(dba)3CHCl3 (3 mol % Pd) and PPh3 (12 mol %) in dry THF and at 65 
oC. The formation of 3aa dictates formation of a σ-vinylallenylpalladium(II) 
intermediate (Figure 4.2) and its subsequent transmetallation with the organoboronic 
acid (Figure 4.3). 
It has been already shown that σ-allenylpalladium(II) species are reactive 
toward transmetallation-type reactions with organoboronic acids leading to arylallenes 
(Moriya, et al. 1994). 
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Figure 4.2. Palladation of 2-en-4-yne carbonates leading to - vinylallenylpalladium(II) 
species. 
 
 
 
Figure 4.3. Transmetallation of -vinylallenylpalladium(II) and organoboronic acid. 
 
In the course of optimization, many reactions were proceeded under different 
conditions. Effect of temperature, water amount, and catalyst amount were investigated. 
The presence of small amounts of water seems beneficial for the reaction; with its 
presence, the reaction of the enyne carbonate 1.1a with phenylboronic acid proceeded 
with complete conversion to give the 3aa in high yields (Table 4.1, entries 2 and 3). The 
application of a lower reaction temperature (50 °C) significantly reduced the efficacy of 
the process (Table 4.1, entry 4), and the method can also be run at a lower Pd loading (2 
mol %) (Table 4.1, entry 5). 
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Table 4.1.Effect of Reaction Conditions on the Pd(0)-Catalyzed Reaction of the Z-
Enyne Carbonate 1.1a with Phenylboronic Acid. 
 
 

 
entry 1.2a (mmol) THF:water (mL) time (h) conversion (%) yield (%)a 
1 0.1 2.5:0 6 71 67 
2 0.1 2.5:0.2 2 100 89 
3 0.2 5:0.4 1 100 (84)b 
4c 0.2 5:0.4 23 50 43 
5d 0.1 2.5:0.2 2 100 85 
           a Determined by 1H NMR using benzaldehyde as internal standard. b Isolated yield. 
           c 50°C. d 2% Pd and 8% PPh3. 
 
The scope of the Pd(0)-catalyzed method appears to be remarkably wider for 
both organoboronic acid and (Z)-enyne carbonate substrate partners. The reaction of 
1.1a with the highly electron-deficient p-CF3 (2b) or 3,4-difluoro substituted 
phenylboronic (2c) acids, and 3-pyridylboronic acid (2d), donated moderate yields of 
vinylallene products (Table 2, entries 1-3). Nevertheless the reactions with o-, p- and m- 
substituted electron-rich and moderately electron-poor phenylboronic acids, 1- and 2-
naphthylboronic acids (2k and 2j, respectively), as well as 3-thienylboronic acid (2l) 
provided the corresponding arylated vinylallene products at yields ranging between 73-
92% within relatively short reaction times (typically 1h) (Table 4.2, entries 4-11).  
In addition to these, alkenylboronic acids also proved to be an applicable class 
of organoboron reagents for the proposed Pd(0)-catalyzed method. A divinylallene 
structure 3am was produced at a yield of 74% when 1.1a reacted with 1-
pentenylboronic acid for 1 h (Table 4.2, entry 12). 
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Table 4.2.Pd(0)-Catalyzed Reaction of the Z-Enyne Carbonate 1.1a with Organoboronic 
Acids. 
 
 
 
entry R time (h) product isolated yield (%) 
1 2b 4-CF3C6H4 8 3ab 56 
2 2c 3,4-F2C6H4 24 3ac 58 
3 2d 3-pyridyl 6 3ad 59 
4 2e 4-MeCOC6H4 2 3ae 79 
5 2f 4-MeC6H4 1 3af 92 
6 2g 3-MeC6H4 1 3ag 80 
7 2h 2-MeOC6H4 1 3ah 88 
8 2i 2-FC6H4 1 3ai 82 
9 2j 2-naphthyl 1 3aj 75 
10 2k 1-naphthyl 1 3ak 83 
11 2l 3-thienyl 1 3al 73 
12 2m 1-pentenyl 1 3am 74 
 
The methodology can tolerate well phenyl (1.1g), butyl (1.1b), cyclohexyl 
(1.1c), as well as highly bulky tert-butyl (1.1d) groups on the alkynyl terminus of the 
enyne carbonates (R1, Table 4.3, entries 1-4). Their reaction with phenylboronic acid 
under the optimal conditions provided the corresponding vinylallenes in good to high 
yields (58-88%).  
 
 
 51 
Table 4.3. Pd(0)-Catalyzed Reaction of Z-Enyne Carbonates with Phenylboronic Acid 
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entry substrate R1 R2 R3 product isolated yield (%) 
1 1.1a Me Me Me 3aa 84 
2 1.1b Bu Me Me 3ba 82 
3 1.1c Cy Me Me 3ca 67 
4a 1.1d t-Bu Me Me 3da 58 
5 1.1e H Me Me 3ea 50 
6 1.1f Me3Si Me Me 3fa 82 (R1=H)b 
7 1.1g Ph Me Me 3ga 88 
7 1.1h Bu Bu Me 3ha 80 
8 1.1i Bu H Me 3ia 61 
9 1.1j Bu Ph Me  3ja 64 
10c 1.1k Me Me Bu 3ka 76 
11 1.1l Me Me i-Pr 3la 92 
12 1.1m Bu Me H 3ma 44 
                       a 3h. b Desilylated product. c 2h. 
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A moderate yield (50%, Table 4.3, entry 5) of the vinylallene 3ea was 
produced when R1 is H (1.1e). The product 3fa, nonetheless, was formed at a higher 
yield (82%, Table 4.3, entry 6) from the reaction of the enyne carbonate where R1 was 
occupied by an SiMe3- group (1.1f) upon the involvement of a desilylation process. 
Substituting the methyl group in the R2 position with a butyl group (1.1h) had 
no significant effect on the activity of the enyne carbonate substrate (80% yield, Table 
4.3, entry 7); however, the corresponding vinylallene yields were relatively lower when 
R2 was H (1.1i) or occupied by a phenyl group (1.1j) (61% and 64%, Table 4.3, entries 
8 and 9, respectively).  
The effect of variation of allylic substitution on the activity of the enyne 
carbonate was also assessed. The method was rather successful also for the enyne 
substrates in which R3 was butyl (1.1k, 78%) or isopropyl (1.1l, 92%) groups, however, 
an enyne carbonate of a primary alcohol (R3= H) led to a low yield of (44%) of 
vinylallene product 3ma (Table 4.3, entries 10-12). 
The method was also successful for (E)-configured 2,4-enyne carbonates 
(Table 4.4); 1.2a afforded a vinylallene product 3aa in a yield (69%) which is 
somewhat lower than that obtained from its (Z)-configured isomer when reacted with 
phenylboronic acid at 65 °C and in 1 hour. Nevertheless, contrasting with the reactivity 
of 1.1a, the same yield could be achieved also at 50 °C (entry 2); whereas, at this lower 
reaction temperature, the conversion was incomplete when using (Z)-1.1a (see Table 
4.1, entry 4). The activity of the Pd-catalysis, however, was insufficient at room 
temperature; the conversion was largely incomplete and consequently gave rise to a 
small yield of the desired vinylallene product (entry 3). 
Pd-(0) catalyzed reactions of (E)- enyne carbonate with various boronic acids 
were performed and moderate to high yields obtained (61-81%). The reaction tolerates 
the highly electron-deficient p-CF3 (2b), and 3-pyridylboronic acid (2d), and gives 
corresponding vinylallene products (Table 4.4, entries 1-2). Nevertheless the reactions 
with o-, p- and m- substituted electron-rich and moderately electron-poor phenylboronic 
acids, 1-naphthylboronic acid, as well as 3-thienylboronic acid (2l) underwent pd-(0) 
catalyzed reaction with (E)- enyne carbonate and produced corresponding arylated 
vinylallene products at yields ranging between 71-81% within relatively short reaction 
times (typically 1h) (entries 5-11). Furthermore, a divinylallene structure can also be 
synthesized by the reaction of 1-pentenylboronic acid with 1.2a for 1 h at a yield 74% 
(entry 13). 
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Table 4.4.Pd(0)-Catalyzed Reaction of the E-Enyne Carbonate 1.2a with Organoboronic 
Acids. 
 

 
entry R time (h) product isolated yield (%) 
1 2a C6H6 1 3ab 69 
2a 2a C6H6 1 3ab 69 
3c 2a C6H6 6 3ab 25 
4 2b 4-CF3C6H4 8 3ab 61 
5 2d 3-pyridyl 6 3ad 71 
6 2e 4-MeCOC6H4 2 3ae 81 
7 2f 4-MeC6H4 1 3af 77 
8 2g 3-MeC6H4 1 3ag 76 
9 2h 2-MeOC6H4 1 3ah 75 
10 2i 2-FC6H4 1 3ai 77 
11 2k 1-naphthyl 1 3ak 71 
12 2l 3-thienyl 1 3al 70 
13 2m 1-pentenyl 1 3am 74 
                       a 50 °C. b RT. 
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The method can tolerate well butyl (1.2b), phenyl (1.2g), groups on the alkynyl 
terminus of the enyne carbonates (R1, Table 4.5, entries 2-3). Their reaction with 
phenylboronic acid under the optimal conditions provided the corresponding 
vinylallenes in good yields 78-87% respectively. 
Various allylic substitution patterns were interpreted and their effects on 
reactivity of (E)- configured enyne carbonates were investigated. The methodology can 
tolerate the well butyl (1.2k), and isopropyl (1.2l) groups on the allylic position of the 
enyne carbonates. 
Changing methyl group in the R2 position with a H (1.2n) gives the 
corresponding (E)- vinylallene with very low yield (Table 4.5 entry 6). 
 
Table 4.5. Pd(0)-Catalyzed Reaction of E-Enyne Carbonates with Phenylboronic Acid 
 
 
 
entry substrate R1 R2 R3 product isolated yield (%) 
1 1.2a Me Me Me 3aa 69 
2 1.2b Bu Me Me 3ba 78 
3 1.2g Ph Me Me 3ga 87 
4 1.2l Me Me i-Pr 3la 83 
5 1.2k Me Me Bu 3ka 75 
6 1.2n H Me Me 3na 10< 
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Reaction starts with the formation of active palladium (0) catalyst. Reaction 
can follow two different pathways. First possibility involves oxidative addition of 
palladium. Then decarboxylation process takes places and the subsequent shift of Pd to 
the far alkynyl carbon gives -allenylpalladium intermediate, or as second pathway, 
SN2’ type substitution reaction produces the -allenylpalladium intermediate by the 
attack of the Pd(0) species to the alkynyl carbon. In this study it could not be clarified in 
which pathway used for the formation of -allenylpalladium intermediate. After this 
step, transmetallation between phenylboronic acid and palladium complex proceeds to 
give phenyl attached -allenylpalladium intermediate. At the end of the catalytic cylcle 
reductive elimination takes place and produces E-confiugured phenyl fuunctionalized 
vinylallene structure and Pd (0) species. 
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Figure 4.4. Proposed reaction mechanism of (E)- and (Z)- enyne carbonates. 
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The Pd(0)-catalyzed reaction of the carbonate of an enantiomerically enriched 
enynol reagent, (R,Z)-1.1a (94.5% ee) with phenylboronic acid under the optimal 
conditions proceeded and center-to-axis chirality transfer selectivity was investigated. 
Enantiomerically enriched carbonate underwent complete racemization under reaction 
conditions and yielded racemic mixture of (S)-and (R)-vinylallene structures (Figure 
4.5). 
 
 
 
Figure 4.5. Pd(0)-catalyzed arylation reaction of (R,Z)-1.1a 
 
The reaction cycle should involve an oxidative cleavage leading to a pi–
allylpalladium intermediate (B’) and isomerization of this intermediate (B’’) could be 
the basis for the racemization. The ensuing palladium shift to the far alkynyl carbon 
yields a racemate of 3aa (Figure 4.6) (Granberg and Baeckvall 1992). 
 


Figure 4.6. Mechanism and Stereochemistry of Pd(0)-Catalyzed Arylation of (R,Z)-2-
En-4-yne Carbonate 1.1a. 
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Table 4.6. Pd(0)-Catalyzed Reaction of (R,Z)-or Z-Enyne Carbonate with Various 
Phosphine Ligands 
 
   
 
entry ligand Temperature(oC) Time  
1a PPh3 65 1  
2a 
 
65 1  
3a 
 
65 1  
4b 
 /,
/,
 
RT 24  
5b 
 
RT 24  
6b 
 
RT 24  
7b 

RT 24  
8b 

RT 24  
9b 

RT 24  
                                           a Complete racemization (PPh3 + Ligand) 
b No conversion. 
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Further investigations for the chrality transfer reactions of both 
enantiomerically pure and racemic enyne carbonates were performed by using various 
phosphine ligands under our reaction conditions. Reactions of enantiomerically pure 
enyne carbonate with phenyboronic acid in the presence of triphenylphosphine-chiral 
ligand systems which are R-BINAP and R-Segphos produce racemic mixture of product 
(Table 4.6, entry 2-3). According to our knowledge, decreasing the reaction temperature 
can cause increase in the enantiomeric purity of product so we performed many 
experiments at room temperature with various mono- and bi-dentate phosphine ligands 
by using racemic mixture of Z-enyne carbonate. But the application of a lower reaction 
temperature (RT) significantly reduced the efficacy of the process and approximately no 
conversion obtained (Table 6, entries 4-9). 
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CHAPTER 5 
 
CONCLUSION 
 
As a conclusion, in this work a new synthetic method for the formation of E-
configured phenyl or alkenyl functionalized vinyl allene structures via the reaction of a 
(E)- and (Z)-2-en-4-yne carbonates with organoboronic acids in the presence of Pd (0) 
precursor was described. 
The method was successful with both (E)- and (Z)-enyne carbonates with 
various substitution patterns and also reaction tolerates a large scale of boronic acids, 
highly electron-deficient, o-, p- and m- substituted electron-rich, and moderately 
electron-poor phenylboronic acids. 
This study is of great importance as it provides the synthesis of aryl or alkenyl 
functionalized vinylallene structures by using stable boronic acids instead of highly 
reactive and unstable organometallic reagents such as, organocuprates and Grignard 
reagents. 
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Figure A.1. 1 H NMR of  Methyl (Z)-4-methylhept-3-en-5-yn-2-yl carbonate 
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Figure A.2. 13 C NMR of  Methyl (Z)-4-methylhept-3-en-5-yn-2-yl carbonate 
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Figure A.3. 1 H NMR of Methyl (Z)-4-methyldec-3-en-5-yn-2-yl carbonate 
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Figure A.4. 13 C NMR of Methyl (Z)-4-methyldec-3-en-5-yn-2-yl carbonate 
B
u
M
e
M
e
M
eO
2 C
O
1
.1b
 
70 
     
 
    
Figure A.5. 1 H NMR of (Z)-6-cyclohexyl-4-methylhex-3-en-5-yn-2-yl methyl carbonate 
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Figure A.6. 13 C NMR of (Z)-6-cyclohexyl-4-methylhex-3-en-5-yn-2-yl methyl carbonate 
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Figure A.7. 1 H NMR of Methyl (Z)-4,7,7-trimethyloct-3-en-5-yn-2-yl carbonate 
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Figure A.8. 13 C NMR of Methyl (Z)-4,7,7-trimethyloct-3-en-5-yn-2-yl carbonate 
t
-B
u
M
e
M
e
M
eO
2 C
O
1
.1d
 
74 
     
 
    
Figure A.9. 1 H NMR of (Z)-methyl 4-methylhex-3-en-5-yn-2-yl carbonate 
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Figure A.10. 13 C NMR of (Z)-methyl 4-methylhex-3-en-5-yn-2-yl carbonate 
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Figure A.11. 1 H NMR of (Z)-methyl 4-methyl-6-(trimethylsilyl)hex-3-en-5-yn-2-yl carbonate 
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Figure A.12. 13 C NMR of (Z)-methyl 4-methyl-6-(trimethylsilyl)hex-3-en-5-yn-2-yl carbonate 
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Figure A.13. 1 H NMR of Methyl (Z)-4-methyl-6-phenylhex-3-en-5-yn-2-yl carbonate 
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Figure A.14. 13 C NMR of Methyl (Z)-4-methyl-6-phenylhex-3-en-5-yn-2-yl carbonate 
Ph
M
e
M
e
M
eO
2 CO1
.1g
 
80 
    
 
     
Figure A.15. 1 H NMR of (Z)-4-butyldec-3-en-5-yn-2-yl methyl carbonate 
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Figure A.16. 13 C NMR of (Z)-4-butyldec-3-en-5-yn-2-yl methyl carbonate 
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Figure A.17. 1 H NMR of (Z)-dec-3-en-5-yn-2-yl methyl carbonate 
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Figure A.18. 13 C NMR of (Z)-dec-3-en-5-yn-2-yl methyl carbonate 
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Figure A.19. 1 H NMR of Methyl (Z)-4-phenyldec-3-en-5-yn-2-yl carbonate 
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Figure A.20. 13 C NMR of Methyl (Z)-4-phenyldec-3-en-5-yn-2-yl carbonate 
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Figure A.21. 1 H NMR of (Z)-methyl 7-methyldec-6-en-8-yn-5-yl carbonate 
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Figure A.22. 13 C NMR of (Z)-methyl 7-methyltridec-6-en-8-yn-5-yl carbonate 
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Figure A.23. 1 H NMR of (Z)-2,5-dimethyloct-4-en-6-yn-3-yl methyl carbonate 
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Figure A.24. 13 C NMR of (Z)-2,5-dimethyloct-4-en-6-yn-3-yl methyl carbonate 
M
e
M
e
i
-P
r
M
eO
2 CO
1
.1l
 
90 
     
 
    
Figure A.25. 1 H NMR of (Z)-methyl 3-methylnon-2-en-4-ynyl carbonate 
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Figure A.26. 13 C NMR of (Z)-methyl 3-methylnon-2-en-4-ynyl carbonate 
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Figure A.27. 1 H NMR of (E)-methyl 4-methylhept-3-en-5-yn-2-yl carbonate 
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Figure A.28. 13 C NMR of (E)-methyl 4-methylhept-3-en-5-yn-2-yl carbonate 
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Figure A.29. 1 H NMR of (E)-methyl 4-methyldec-3-en-5-yn-2-yl carbonate 
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Figure A.30. 13 C NMR of (E)-methyl 4-methyldec-3-en-5-yn-2-yl carbonate 
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Figure A.31. 1 H NMR of (E)-methyl 4-methyl-6-phenylhex-3-en-5-yn-2-yl carbonate 
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Figure A.32. 13 C NMR of (E)-methyl 4-methyl-6-phenylhex-3-en-5-yn-2-yl carbonate 
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Figure A.33. 1 H NMR of (E)-methyl 7-methyldec-6-en-8-yn-5-yl carbonate 
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Figure A.34. 13 C NMR of (E)-methyl 7-methyldec-6-en-8-yn-5-yl carbonate 
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Figure A.35. 1 H NMR of (E)-2,5-dimethyloct-4-en-6-yn-3-yl methyl carbonate 
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Figure A.36. 13 C NMR of (E)-2,5-dimethyloct-4-en-6-yn-3-yl methyl carbonate 
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Figure A.37. 1 H NMR of (E)-hept-3-en-5-yn-2-yl methyl carbonate 
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Figure A.38. 13 C NMR of (E)-hept-3-en-5-yn-2-yl methyl carbonate 
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Figure B.1. Mass Spectrum of  Methyl (Z)-4-methylhept-3-en-5-yn-2-yl carbonate 
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Figure B.2. Mass Spectrum of  Methyl (Z)-4-methyldec-3-en-5-yn-2-yl carbonate 
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Figure B.3. Mass Spectrum of  (Z)-6-cyclohexyl-4-methylhex-3-en-5-yn-2-yl methyl carbonate 
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Figure B.4. Mass Spectrum of  Methyl (Z)-4,7,7-trimethyloct-3-en-5-yn-2-yl carbonate 
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Figure B.5. Mass Spectrum of  (Z)-methyl 4-methylhex-3-en-5-yn-2-yl carbonate 
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Figure B.6. Mass Spectrum of  (Z)-methyl 4-methyl-6-(trimethylsilyl)hex-3-en-5-yn-2-yl carbonate 
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Figure B.7. Mass Spectrum of  Methyl (Z)-4-methyl-6-phenylhex-3-en-5-yn-2-yl carbonate 
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Figure B.8. Mass Spectrum of  (Z)-4-butyldec-3-en-5-yn-2-yl methyl carbonate 
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Figure B.9. Mass Spectrum of  (Z)-dec-3-en-5-yn-2-yl methyl carbonate 
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Figure B.10. Mass Spectrum of  Methyl (Z)-4-phenyldec-3-en-5-yn-2-yl carbonate 
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Figure B.11. Mass Spectrum of  (Z)-methyl 7-methyltridec-6-en-8-yn-5-yl carbonate 
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Figure B.12. Mass Spectrum of  (Z)-2,5-dimethyloct-4-en-6-yn-3-yl methyl carbonate 
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Figure B.13. Mass Spectrum of  (Z)-methyl 3-methylnon-2-en-4-ynyl carbonate 
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Figure B.14. Mass Spectrum of  (E)-methyl 4-methylhept-3-en-5-yn-2-yl carbonate 
M
e
M
e
O
C
O
2 CH
3
M
e
1
.2a
 
119 
    
 
   
Figure B.15. Mass Spectrum of  (E)-methyl 4-methyldec-3-en-5-yn-2-yl 
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Figure B.16. Mass Spectrum of  (E)-methyl 4-methyl-6-phenylhex-3-en-5-yn-2-yl 
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Figure B.17. Mass Spectrum of  (E)-methyl 7-methyldec-6-en-8-yn-5-yl 
M
e
M
e
O
C
O
2 CH
3
B
u
1
.2k
 
122 
   
 
    
Figure B.18. Mass Spectrum of  (E)-2,5-dimethyloct-4-en-6-yn-3-yl methyl 
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Figure B.19. Mass Spectrum of  (E)-hept-3-en-5-yn-2-yl methyl 
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Figure C.1. FT-IR Spectrum of  (Z)-methyl 4-methylhept-3-en-5-yn-2-yl 
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Figure C.2. FT-IR Spectrum of  (Z)-methyl 4-methyldec-3-en-5-yn-2-yl 
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Figure C.3. FT-IR Spectrum of  (Z)-6-cyclohexyl-4-methylhex-3-en-5-yn-2-yl methyl 
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Figure C.4. FT-IR Spectrum of  (Z)-6-cyclohexyl-4-methylhex-3-en-5-yn-2-yl methyl 
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Figure C.5. FT-IR Spectrum of  (Z)-methyl 4-methylhex-3-en-5-yn-2-yl 
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Figure C.6. FT-IR Spectrum of  (Z)-methyl 4-methyl-6-(trimethylsilyl)hex-3-en-5-yn-2-yl 
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Figure C.7. FT-IR Spectrum of  (Z)-methyl 4-methyl-6-phenylhex-3-en-5-yn-2-yl 
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Figure C.8. FT-IR Spectrum of  (Z)-4-butyldec-3-en-5-yn-2-yl methyl 
B
u
M
e
M
eO
2 C
O B
u1
.1h
 
133 
   
 
  
Figure C.9. FT-IR Spectrum of  (Z)-dec-3-en-5-yn-2-yl methyl 
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Figure C.10. FT-IR Spectrum of  (Z)-methyl 4-phenyldec-3-en-5-yn-2-yl 
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Figure C.11. FT-IR Spectrum of  (Z)-methyl 7-methyldec-6-en-8-yn-5-yl 
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Figure C.12. FT-IR Spectrum of  (Z)-2,5-dimethyloct-4-en-6-yn-3-yl methyl 
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Figure C.13. FT-IR Spectrum of  (Z)-methyl 3-methylnon-2-en-4-ynyl 
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Figure C.14. FT-IR Spectrum of  (E)-methyl 4-methylhept-3-en-5-yn-2-yl 
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Figure C.15. FT-IR Spectrum of  (E)-methyl 4-methyldec-3-en-5-yn-2-yl 
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Figure C.16. FT-IR Spectrum of  (E)-methyl 4-methyl-6-phenylhex-3-en-5-yn-2-yl 
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Figure C.17. FT-IR Spectrum of  (E)-methyl 7-methyldec-6-en-8-yn-5-yl 
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Figure C.18. FT-IR Spectrum of (E)-2,5-dimethyloct-4-en-6-yn-3-yl methyl 
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Figure C.19. FT-IR Spectrum of (E)-hept-3-en-5-yn-2-yl methyl 
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Figure D.1. 1 H NMR of  (E)-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.2. 13 C NMR of  (E)-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.3. 1 H NMR of  (E)-1-(4-methylhepta-2,3,5-trien-2-yl)-4-(trifluoromethyl)benzene 
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Figure D.4. 13 C NMR of  (E)-1-(4-methylhepta-2,3,5-trien-2-yl)-4-(trifluoromethyl)benzene 
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Figure D.5. 1 H NMR of  (E)-1,2-difluoro-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.6. 13 C NMR of  (E)-1,2-difluoro-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.7. 1 H NMR of  (E)-3-(4-methylhepta-2,3,5-trien-2-yl)pyridine 
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Figure D.8. 13 C NMR of  (E)-3-(4-methylhepta-2,3,5-trien-2-yl)pyridine 
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Figure D.9. 1 H NMR (E)-1-(4-(4-methylhepta-2,3,5-trien-2-yl)phenyl)ethanone 
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Figure D.11. 1 H NMR of  (E)-1-methyl-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.12. 1 H NMR of  (E)-1-methyl-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.13. 13 C NMR of  (E)-1-methyl-3-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.14. 13 C NMR of  (E)-1-methyl-3-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.15. 1 H NMR of  (E)-1-methoxy-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.16. 13 C NMR of  (E)-1-methoxy-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.17. 1 H NMR of  (E)-1-fluoro-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.18. 13 C NMR of  (E)-1-fluoro-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure D.19. 1 H NMR of  (E)-2-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
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Figure D.20. 1 H NMR of  (E)-2-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
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Figure D.21. 1 H NMR of  (E)-1-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
•
M
e
M
e
M
e
3ak
 
166 
 
   
Figure D.22. 13 C NMR of  (E)-1-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
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Figure D.23. 1 H NMR of  (E)-3-(4-methylhepta-2,3,5-trien-2-yl)thiophene 
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Figure D.24. 13 C NMR of  (E)-3-(4-methylhepta-2,3,5-trien-2-yl)thiophene 
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Figure D.25. 1 H NMR of  (2E,7E)-4,6-dimethylundeca-2,4,5,7-tetraene 
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Figure D.26. 13 C NMR of  (2E,7E)-4,6-dimethylundeca-2,4,5,7-tetraene 
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Figure D.27. 1 H NMR of  (E)-(7-methyldeca-5,6,8-trien-5-yl)benzene 
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Figure D.28. 13 C NMR of  (E)-(7-methyldeca-5,6,8-trien-5-yl)benzene 
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Figure D.29. 1 H NMR of  (E)-(1-cyclohexyl-3-methylhexa-1,2,4-trienyl)benzene 
•
C
y
M
e
M
e
Ph
3ca
 
174 
 
   
Figure D.30. 13 C NMR of  (E)-(1-cyclohexyl-3-methylhexa-1,2,4-trienyl)benzene 
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Figure D.31. 1 H NMR of  (E)-(2,2,5-trimethylocta-3,4,6-trien-3-yl)benzene 
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Figure D.32. 13 C NMR of  (E)-(2,2,5-trimethylocta-3,4,6-trien-3-yl)benzene 
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Figure D.33. 1 H NMR of  (E)-(3-methylhexa-1,2,4-trienyl)benzene 
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Figure D.35. 1 H NMR of  (E)-(3-methylhexa-1,2,4-triene-1,1-diyl)dibenzene 
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Figure D.36. 13 C NMR of  (E)-(3-methylhexa-1,2,4-triene-1,1-diyl)dibenzene 
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Figure D.37. 1 H NMR of  (E)-(7-(prop-1-enyl)undeca-5,6-dien-5-yl)benzene 
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Figure D.38. 13 C NMR of  (E)-(7-(prop-1-enyl)undeca-5,6-dien-5-yl)benzene 
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Figure D.39. 1 H NMR of  (E)-deca-5,6,8-trien-5-ylbenzene 
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Figure D.40. 13 C NMR of  (E)-deca-5,6,8-trien-5-ylbenzene 
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Figure D.41. 1 H NMR of  (E)-deca-2,4,5-triene-4,6-diyldibenzene 
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Figure D.42. 13 C NMR of (E)-deca-2,4,5-triene-4,6-diyldibenzene 
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Figure D.45. 1 H NMR of (E)-(4-methyldeca-2,3,5-trien-2-yl)benzene 
•
B
u
Ph
M
e
M
e
3ka
 
188 
 
 
  
Figure D.46. 13 C NMR of (E)-(4-methyldeca-2,3,5-trien-2-yl)benzene 
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Figure D.47. 1 H NMR of (E)-(4,7-dimethylocta-2,3,5-trien-2-yl)benzene 
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Figure D.48. 13 C NMR of (E)-(4,7-dimethylocta-2,3,5-trien-2-yl)benzene 
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Figure D.49. 1 H NMR of (3-methylnona-1,3,4-trien-5-yl)benzene 
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Figure D.50. 13 C NMR of  (3-methylnona-1,3,4-trien-5-yl)benzene 
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APPENDIX E 
 
MASS SPECTRUMS OF PRODUCTS 
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Figure E.1. Mass Spectrum of  (E)-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure E.2. Mass Spectrum of  (E)-1-(4-methylhepta-2,3,5-trien-2-yl)-4-(trifluoromethyl)benzene 
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Figure E.3. Mass Spectrum of  (E)-1,2-difluoro-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure E.4. Mass Spectrum of  (E)-3-(4-methylhepta-2,3,5-trien-2-yl)pyridine 
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Figure E.5. Mass Spectrum of  (E)-1-(4-(4-methylhepta-2,3,5-trien-2-yl)phenyl)ethanone 
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Figure E.6. Mass Spectrum of  (E)-1-methyl-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure E.7. Mass Spectrum of  (E)-1-methyl-3-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure E.8. Mass Spectrum of  (E)-1-methoxy-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure E.9. Mass Spectrum of  (E)-1-fluoro-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure E.10. Mass Spectrum of  (E)-2-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
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Figure E.11. Mass Spectrum of  (E)-1-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
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Figure E.12. Mass Spectrum of  (E)-3-(4-methylhepta-2,3,5-trien-2-yl)thiophene 
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Figure E.13. Mass Spectrum of  (2E,7E)-4,6-dimethylundeca-2,4,5,7-tetraene 
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Figure E.14. Mass Spectrum of  (E)-(7-methyldeca-5,6,8-trien-5-yl)benzene 
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Figure E.15. Mass Spectrum of  (E)-(1-cyclohexyl-3-methylhexa-1,2,4-trienyl)benzene 
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Figure E.16. Mass Spectrum of  (E)-(2,2,5-trimethylocta-3,4,6-trien-3-yl)benzene 
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Figure E.17. Mass Spectrum of  (E)-(3-methylhexa-1,2,4-trienyl)benzene 
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Figure E.18. Mass Spectrum of  (E)-(3-methylhexa-1,2,4-triene-1,1-diyl)dibenzene 
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Figure E.19. Mass Spectrum of  (E)-(7-(prop-1-enyl)undeca-5,6-dien-5-yl)benzene 
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Figure E.20. Mass Spectrum of (E)-deca-5,6,8-trien-5-ylbenzene 
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Figure E.21. Mass Spectrum of (E)-deca-2,4,5-triene-4,6-diyldibenzene 
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Figure E.22. Mass Spectrum of (E)-(4-methyldeca-2,3,5-trien-2-yl)benzene 
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Figure E.23. Mass Spectrum of (E)-(4,7-dimethylocta-2,3,5-trien-2-yl)benzene 
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Figure E.24. Mass Spectrum of (3-methylnona-1,3,4-trien-5-yl)benzene 
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FT-IR SPECTRUMS OF PRODUCTS 
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Figure F.1. FT-IR Spectrum of  (E)-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure F.2. FT-IR Spectrum of  (E)-1-(4-methylhepta-2,3,5-trien-2-yl)-4-(trifluoromethyl)benzene 
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Figure F.3. FT-IR Spectrum of  (E)-1,2-difluoro-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure F.4. FT-IR Spectrum of  (E)-3-(4-methylhepta-2,3,5-trien-2-yl)pyridine 
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Figure F.5. FT-IR Spectrum of  (E)-1-(4-(4-methylhepta-2,3,5-trien-2-yl)phenyl)ethanone 
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Figure F.6. FT-IR Spectrum of  (E)-1-methyl-4-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure F.7. FT-IR Spectrum of  (E)-1-methyl-3-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure F.8. FT-IR Spectrum of  (E)-1-methoxy-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure F.9. FT-IR Spectrum of  (E)-1-fluoro-2-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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Figure F.10. FT-IR Spectrum of  (E)-2-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
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Figure F.11. FT-IR Spectrum of  (E)-1-(4-methylhepta-2,3,5-trien-2-yl)naphthalene 
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Figure F.12. FT-IR Spectrum of  (E)-3-(4-methylhepta-2,3,5-trien-2-yl)thiophene 
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Figure F.13. FT-IR Spectrum of  (2E,7E)-4,6-dimethylundeca-2,4,5,7-tetraene 
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Figure F.14. FT-IR Spectrum of  (E)-(7-methyldeca-5,6,8-trien-5-yl)benzene 
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Figure F.15. FT-IR Spectrum of  (E)-(1-cyclohexyl-3-methylhexa-1,2,4-trienyl)benzene 
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Figure F.16. FT-IR Spectrum of  (E)-(2,2,5-trimethylocta-3,4,6-trien-3-yl)benzene 
•
Ph
t
-B
u
M
e
M
e
3d
a
 
235 
 
 
  
Figure F.17. FT-IR Spectrum of  (E)-(3-methylhexa-1,2,4-trienyl)benzene 
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Figure F.18. FT-IR Spectrum of  (E)-(3-methylhexa-1,2,4-triene-1,1-diyl)dibenzene 
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Figure F.19. FT-IR Spectrum of  (E)-(7-(prop-1-enyl)undeca-5,6-dien-5-yl)benzene 
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Figure F.20. FT-IR Spectrum of  (E)-deca-5,6,8-trien-5-ylbenzene 
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Figure F.21. FT-IR Spectrum of  (E)-deca-2,4,5-triene-4,6-diyldibenzene 
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Figure F.22. FT-IR Spectrum of  (E)-(4-methyldeca-2,3,5-trien-2-yl)benzene 
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Figure F.23. FT-IR Spectrum of  (E)-(4,7-dimethylocta-2,3,5-trien-2-yl)benzene 
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Figure F.24. FT-IR Spectrum of  (3-methylnona-1,3,4-trien-5-yl)benzene 
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APPENDIX G 
 
 HPLC CHROMATOGRAMS OF REACTANTS AND  
PRODUCTS 
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Figure G.1. HPLC Chromatogram of  (R,Z)-methyl 4-methylhept-3-en-5-yn-2-yl carbonate 
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Figure G.2. HPLC Chromatogram of  (R and S)-(E)-(4-methylhepta-2,3,5-trien-2-yl)benzene 
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APPENDIX H 
 
GC CHROMATOGRAMS OF RACEMIC AND 
ENANTIOMERICALLY PURE (R,Z)-4-METHYLHEPT-
3-EN-5-YN-2-OL 
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Figure H.1. GC Chromatogram of  (Z)-4-Methylhept-3-en-5-yn-2-ol 
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Figure H.2. GC Chromatogram of  (R,Z)-4-Methylhept-3-en-5-yn-2-ol 
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